


TECHNOLOGICAL AND 
TECHNICAL EDUCATION IN 
GREAT BRITAIN 


WELCOME feature of the debate on education 
in the House of Commons on May 4, and also 
of the adjournment debate on the utilization of 
scientific resources on the following day, was the 
distinction drawn between technical colleges and 
technological institutions. It was as evident in the 
speeches of those who, like Sir Ronald Cross, Mr. 
Philips Price, Mr. William Wells and Mr. L. R. Carr, 
raised the broad question of scientific and tech- 
nical man-power—whether or not they supported the 
ey ter Sulphonamide ‘Therapy. By Sir Lionel Whitby, ples urged by Mr. R. A. Butler for at least one new 
CVO. 2 hee Se ee experimental institute for higher technological train- 
cology ofthe Tree hes H. J. Massingham oe rag ing—as it was in the replies of the Lord President of 
Secbeger, O. “Helen M. Muir and Prof. C. H- ri. ” wie the Council, or of Mr. D. R. Hardman, Parliamentary 
bijective Measurements in Acoustics. By Dr. D. B. Fry Secretary to the Board of Education. Mr. H. §S. 
ees tietae Nertiquiturel inctieution Johnson’s assertion that, if technical colleges were to 
receive university status, eighty per cent of the 
students and a large percentage of the staff would 
have to be cleared out as below standard, was not 
repeated in the second debate; but it was clearly 
realized, as Mr. Carr’s speech showed, that there is 
a danger that technical colleges might tend to become 
miniature but inferior universities and thus be 
deflected from their purpose of supplying the large 
number of highly skilled technicians which are 
required. Dr. T. J. Drakeley’s letter in Nature of 
June 10, p. 940, also has a very direct bearing on 
these questions. 
Neither Mr. Hardman nor Mr. H. Morrison gave 
any indication of the Government’s plans or inten- 
ee Se ea. yell a a ae tions with regard to higher technological education. 
Dr.M.McCaig . Mr. Hardman, pointing out that this does not fall 
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within the province of the Ministry of Education, 
agreed, however, that we must not thwart the expan- 
sion, progress and development of technical education 
in all its phases. Mr. Morrison declined to enter on 
a discussion on technological education at all, 
although he assured the House that the question of 
a technological university is not being neglected ; 
and in reply to a specific inquiry that, before a final 
decision is taken on the recommendations of the 
Perey Committee on Technological Education, there 
would be an opportunity for discussion in the House, 
he was entirely non-committal. He expressed com- 
plete approval of the importance of maintaining 
standards and of increasing the number of competent 
scientific workers, and he agreed that the best possible 
use should be made of the services of trained men of 
science and technologists by relieving them of un- 
necessary tasks which could be performed by those 
less highly trained. 

The position of technical and technological educa- 
tion, particularly in the area served by the Birming- 
ham Central Technical College, formed the theme 
of address of the principal, Mr. J. Wilson, on 
May 17 at the annual presentation ceremony. Mr. 
Wilson urged that it is imperative that much more 
should be done to-day to improve facilities for tech- 


nological training for students entering industry. 
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schools in 1948 went to the universities, but ninety- 
three per cent entered paid employment directly ; 
from these the technical colleges drew their students, 
and the University of London the majority of the 
twenty-seven thousand external students of 1949-50. 
Mr. Wilson suggested that the whole of the City of 
Birmingham's project for new colleges of technology, 
commerce and art at Gesta Green, of which in 1950 
only one-third had been sanctioned, and constructional 
work for only one-ninth was in progress, should be 
released for urgent completion. He proposed further 
experiment in a new kind of technical institution 
devoted entirely to advanced vocational instruction 
in technology, commerce and art, and to operational 
research on behalf of industry. No better place 
existed for such an experiment, he thought, than 
Birmingham ; but a project of this magnitude should 
become a matter of national policy and responsibility 
and not left entirely to the resources of the City. 
Mr. Wilson had very clearly in mind the functions 
that the technical colleges exist to fulfil, and, in spite 
of his hope that the proposed college would allow 


the best industry-based students to enjoy the 
equivalent of university facilities, he was not 
advocating anything in the nature of a _ higher 


institute of technology. In this connexion, it should 
be noted that in a statement circulated with Hansard 
of May 25, the Minister of Education stated the 
Birmingham authority had started on two branch 
technical colleges, each to cost £250,000, and was 
about to begin the first instalment of a new central 
technical college to cost £750,000. In all, projects for 
technical colleges to cost £5,700,000 were started in 
Great Britain last year, and further projects to cost 
£10,000,000 were in preparatory stages. 

Reverting to the House of Commons debate on 
May 4, Mr. C. I. Orr-Ewing quoted figures recently 
given by Sir Ben Lockspeiser which suggest that 
there are probably only about fifty thousand science 
graduates employed on scientific subjects in the 
United Kingdom. Of these, about half are employed 
in teaching, some five thousand in the technical and 
scientific Civil Service, eight hundred in public 
bodies like the Coal Board and research institutions, 
a thousand in the research associations, and eight 
thousand on scientific research in industrial firms. 
The remaining ten thousand are distributed over the 
whole field of development and industry. Mr. Orr- 
Ewing maintained that each of these categories is far 
short of its establishment ; in this connexion it may 
be recalled that, in its last annual report, the Depart- 
ment of Scientific and Industrial Research referred 
to plans contemplating an expansion in staff from 
2.750 to more than 5,000, while the expansion plans 
for the chemical industry alone, as reviewed by the 
Association of British Chemical Manufacturers in its 
recent report on that industry, visualized an expan- 
sion of the present six thousand or so of scientific 
and technical staff by 40 per cent by 1953. Accord- 
ing to the annual report of Imperial Chemical 


Industries, Ltd., published since, this firm alone 
employs 2,350 chemists and 1,400 engineers, and 
last year recruited 265 scientific workers, 200 coming 
direct from the universities. 
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Orr-Ewing urged that the schools ar 





Mr. 


ticularly badly off, and this contention was sup) Ln 
by subsequent speakers in the debate. Others 
endorsed his remarks about the difficulties of the 
technical colleges in obtaining staff, and the view 
that under present conditions we are rapidly running 
down our scientific capital in this respect was strv1 gly 


supported. It was recognized that the salary <iffer. 
ential is an important factor, although there is little 
evidence that the difficulties which would atten any 
attempt to vary deliberately the salary differential 
between one profession or occupation and another 
are generally appreciated in spite of recent experi. 
ences. Nevertheless, the importance of adequate 
salary scales, not only for science teachers in tech. 
nical colleges and schools generally but also in any 
occupation, was stressed as freely as in earlier debates 
in 1943 and 1944, though not to the exclusion of the 
many other factors which attract men and women 
to a scientific career. 

This question needs much more attention than it 
has yet received in discussions on the expansion of 
technical education. It bears very closely on the 
practicability—or in any event on the time within 
which effective development is possible—of any new 
technological institution, just as much as it limits the 
expansion of the technical colleges themselves and 
the maintenance of their present standards. Principal 
Wilson, in the address referred to above, apparently 
made no reference to the sta‘T factor in relation to 
the expansion he urged. These points raised in the 
debate on scientific resources, and particularly by 
Mr. Orr-Ewing, should be brought specifically to the 
notice of the committee now reviewing the Burnham 
scales, and it is to be hoped that the Parliamentary 
and Scientific Committee will take the matter further. 
In the expansion of higher technological education a 
key problem is staffing, as it is, indeed, in the expansion 
of technical education and of the universities. No 
merits in the general distribution of the nation’s 
scientific and technical man-power the 
Services, the universities, government departments 
and industry will in the long run prevent disaster if 
conditions are such that an adequate number of able 
and enthusiastic men and women are not continuously 
attracted to the teaching of scierce and technology 
at all levels, and not least to the teaching of science 
in the schools. Nor can the rate of expansion fruit 
fully exceed the rate at which teaching stafi’s of the 
requisite standard can be assembled. 


between 


CONVOLUTIONARY PATTERN 
OF THE PRIMATE BRAIN 


External Morphology of the Primate Brain 

By Prof. Cornelius J. Connolly. Pp. xiii+378. 
(Springfield, Ill.: Charles C. Thomas; Oxford: 
Blackwell Scientific Publications, Ltd., 1950.) 72s. net. 


HIS is likely to remain the standard treatise on 
the fissuration of the primate brain for a con- 
siderable time. The object the author had in view 
was to bring together and systematize not only the 








} 








varic 
conv: 
man, 
anat« 
his t 
judgr 
his d 
the N 
than 
and ¢ 
prese! 
total 
that 
appea 
secorm 
anthr 
huma 
throu, 
to be 
brain. 
Per 
Prof. 
answe 
a cas 
extine 
the ce 
contai 
Symir 
huma 
convo 
1936 
Zucke 
panze 
patter 
has be 
compe 
humays 
of gibl 
but t! 
chimp 
marke 
the o1 
humat 
areas, 
mislea 
patter 
crania 
those 
tunate 
want 
concer 
casts ; 
the in 
fissure 
of par 
Prot 
ture re 
tion of 
publis! 
in Jer 
fossil | 
ce mvol 
indicat 
pretat 
insular 
was b 
anthro 
suleus 
differe 
brain | 
the lat 








par. 
rted 
hers 
the 
View 
hing 
ngly 
fer. 
ittle 
any 
ntial 
ther 
er). 
uate 
ech 
any 
tes 
i the 


men 


ion’s 
the 
ents 
er uf 
able 
usly 
logy 
ence 
ruit 


* the 








; 





4207 June |7, 1950 


various papers he himself has published on the 
convolutions and fissures of the brains of ape and 
man, but also those which have been published by 
anatomists during the past century. In carrying out 
his task he has exercised a cool, clear and expert 
judgment. He has had the advantage of having at 
his disposal the rich supply of material preserved in 
the National Museum, Washington, D.C., where more 
than three hundred brains of various forms of monkey 
and ape are preserved. There, too, he found well- 
preserved brains of various races of mankind. The 
total result of his study has been to convince him 
that the simple arrangement of convolutions which 
appears in the monkey’s brain is to be traced, with 
secondary elaborations, through the brains of 
anthropoids to the complexity of convolutions of the 
human brain. The same basal pattern persists 
throughout ; the elaborate human pattern is that 
to be seen in the simpler pattern of the anthropoid 





brain. 

Perhaps the most important service rendered by 
Prof. C. J. Connolly in the present publication is the 
answer he returns to the question: How far can 
a cast taken from the interior of the skull of an 
extinct ape or of a prehistoric human being reflect 
the convolutionary details of the brain originally 
contained in that skull? In 1916 Prof. Johnson 
Symington found that endocranial cranial casts, from 
human skulls, gave unreliable indications of the 
eonvolutions and fissures of the original brain. In 
1936 W. E. Le Gros Clark, D. M. Cooper and 8S. 
Zuckerman compared brain and cast of six chim- 
panzees ; in only one of the six was the convolutionary 
pattern reliably retained on the cast. Prof. Connolly 
has been fortunate in hav ing had the opportunity of 
comparing brain and cast of many specimens, both 
human and anthropoid. Casts taken from the skulls 
of gibbons give accurate information of convolutions ; 
but those from the skulls of orangs, gorillas and 
chimpanzees, although in occasional specimens well 
marked, are usually, except in limited areas such as 
the orbital, free of pattern. Among his numerous 
human examples he found some with well-marked 
areas, while in others he found on the casts actually 
misleading details as regards the main convolutionary 
pattern. Far from turning down the study of endo- 
cranial casts, the author commends them, but warns 
those who use them to do so with discretion. For- 
tunately, one of the areas of the prehistoric brain we 
want to know about, the third frontal, which 
concerned with speech, is usually well depicted in 
casts; but unfortunately, the conformation given to 
the insular area at the basal end of the Sylvian 
fissure yields no real indication of the cerebral state 
if parts. 

Prof. Connolly gives a very complete list of litera- 
ture relating to his subject ; but there is one publica- 
tion of mine which has escaped his notice. It is that 
published in 1927 by the British School of Archeology 
in Jerusalem in which I give a description of the 
fossil Galilee skull and of its endocast, in which the 
convolutions of the third frontal area are very clearly 
indicated. In that publication I gave a new inter- 
pretation of the parts at the anterior end of the 
insular region of the human brain. At that time it 
was believed that the fronto-orbital fissure of the 
anthropoid brain had become the anterior limiting 
suleus in the human brain. The most remarkable 
difference between the anthropoid and the human 
brain is the great forward extension of the insula in 
the latter with, at the same time, the building up of 
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an anterior lip or orbitai operculum. The evidence 
available in 1927 convinced me that the anterior 
extension of the insular region, its anterior 
limiting suleus and the orbital operculum are not 
represented in the anthropoid brain and that the 
fronto-orbital fissure of the anthropoid brain is 
represented in the human brain by one to which 
Ariens Kappers gave the name of subfrontal. In a 
later publication’ I gave an abstract of my theory. 
This Prof. Connolly has studied, but has rejected my 
interpretation. He still regards the anterior insular 
sulcus of the human brain as derived from the 
fronto-orbital fissure of the anthropoid brain, and 
his conception of the evolutionary changes which 


converted the third frontal convolution of the 
anthropoid brain into that of the human brain 
differs altogether from that advanced by me. I am 


still of opinion that the available evidence favours 
my interpretation. 

Prof. Connolly has given much of his attention to 
unravelling the kind of difference which marks off 
the brain of one race of mankind from that of another 
race. There are average differences in size and shape ; 
but he finds it impossible to tell from a study of the 
convolutionary markings the single brain of one race 
from that of another. 

This work is to be commended in every respect 
except that of price. The price is beyond the means 
of the ordinary student. ARTHUR KEITH 


' Keith, A Antiquity of Man”, 477 
(London 931). 


“New Discoveries relating to the 
Williams and Norgate, Ltd 


COSMIC RAYS 
Cosmic Ray Physics 


By D. J. X. Montgomery. Based on Lectures given 
by Marcel Schein at Princeton University, with 
special contributions by Shuichi Kusaka and Niels 
Arley. Pp. viii+370. (Princeton, N.J.: Princeton 
University Press; London: Oxford University 
Press, 1949.) 40s. net. 


HIS book owes its origin to a series of lectures 

given by Prof. M. Schein, of the University of 
Chicago, in 1946 at Princeton University. The author 
has expanded these lectures with the help of several 
of his colleagues at Princeton, and other physicists 
in various parts of the world, and has produced an 
authoritative survey of most of the important work 
done in cosmic rays up to the year 1948. The book 
is especially suitable for the honours student and 
the research worker with a sound training in 
physics. : 

In any book which is intended to serve as an 
introduction to a field of research which is developing 
rapidly, it is most important that the significant 
advances in the subject be brought out clearly. 
Judged by this criterion this is, on the whole, an 
excellent book. The main chapters of the book, 
which cover the experimental methods of cosmic 
rays, the intensity of cosmic radiation, and the hard 
and soft components of cosmic rays, are all good. 
The author has taken great care to give a well- 
balanced account of the various contributions to the 
subject made by different workers. The mathe- 
matical sections can be easily understood by the 
reader who is prepared to work through them. At 
the end of the book is a series of appendixes which 
include data of considerable use to the research 
worker in cosmic rays ; perhaps the most useful data 
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are the range-energy, range-momentum, and range- 
energy loss curves for air, aluminium and lead. The 
book is well printed and well illustrated. 

Only two criticisms of detail will be made. In the 
first place the author gives, in certain sections of the 
book, large blocks of references. These references are 
printed in the text and make for tediousness in reading 
and confusion in the mind of the reader. In my 
opinion such lists are better separated from the main 
text. In the second place, in the section on Geiger 
Miiller counters, which runs to some twenty pages of 
text, there is only very inadequate reference to the 
self-quenching counter. In spite of the great im- 
portance of this type of counter, no mention is made 
of the fundamental work of Trést, who discovered 
the self-quenching counter in 1935, and investigated 
its properties in great detail, nor of the explanation, 
by Korff and Present in 1944, of the role of the 
organic vapour in the action of the counter. 

Since this book was written, presumably in 1947- 
48, important advances have been made in the 
understanding Of cosmic rays by the introduction of 
new and powerful techniques. Quite large sections 
of certain chapters are now, unfortunately, out of 
date. These sections are concerned mainly with the 
life-histories of the various sorts of mesons, the 
nucleonic component of cosmic rays, and extensive 
showers. I hope that a new edition of the book will 
soon be called for and that Dr. D. J. X. Montgomery 
will be encouraged to take up the task of preparing 


one. G. D. RocHEstrer 


PHYSIOLOGY OF VISION 


Recent Advances in the Physiology of Vision 
By Prof. Hamilton Hartridge. Pp. xii-+401. (London: 
J. and A. Churchill, Ltd., 1950.) 25s. 


OR some time now the eye has occupied a 
prominent position in recent physiological re- 
search, as emphasized by the fact that the physiology 
of the retina is one of the themes selected for a general 
discussion at the International Congress of Physiology 
to be held in Copenhagen in August. Various aspects 
of this research are covered by books mentioned by 
Prof. H. Hartridge, who.has himself written with the 
intention of presenting a bird’s-eye view of the whole 
field dealing impartially with all its branches. His 
own ideas and re-interpretations of published data 
are freely displayed ; but it is only fair to admit that 
he is moved by a sincere desire to mention all the 
problems and contributions that have been in the 
foreground of research and discussion during the 
past twenty years. 
The book makes very easy reading and is written 
with enthusiasm. It will therefore stimulate interest 
in a field where the experimental facts are being 
amassed within many different branches of research, 
some of them in addition suffering badly from lack 
of contact with the others. There has been nothing 
of the kind written for many years, and Prof. Hart- 
ridge’s book is unique in bringing together under one 
cover the information a beginner needs when looking 
for some orientation. He will find that the book 


deals just as much with current ideas and problems 
as with the facts supporting them. 

Prof. Hartridge’s own contributions can be traced 
to a solid background of knowledge of the physical 
properties of the eye as an optical instrument and 
the classical science of optics. This is still his funda- 
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mental asset in approaching the subject. His 
best-known contributions have arisen from yn. 
siderations of the performance of the retina a. ay 





organ of discrimination, capable of compensatiny for 
deficiencies in its optical equipment. For this reson 
the best chapters in the book are those dealing with 


modern measurements of the optical constants by 
X-ray methods, with chromatic and sph: 
aberration, with the resolving power of the eye. ote. 


His “cluster hypothesis’’ may well contain an esse,tia] 
element of truth. The ingenious microstimulator 
designed by him for the study of the properties of 
small illuminated areas should be given further 
opportunities for proving its value, for example. in 


combination with the modern polarization met)}iods 
of analysis. 

There is scarcely any part of the book to which 
one can turn without becoming aware of wha: is 
happening along the present frontier of researc!: on 
vision. There are chapters on electrophysiology, 
photochemistry, colour reception in the retina, colour 
vision, light and dark adaptation, etc., and then a 
number of chapters, at the end, in which the author 
is wrestling with the raw material of new experiments 
not yet incorporated in any theoretical fabric. Prof. 
Hartridge has recently become known as a resourcefu! 
antagonist of the straightforward  trichromati 
theory, staunchly upholding the idea of a separate 
yellow receptor. The work of Prof. Motokawa in the 
January issue of the Journal of Neurophysiology has 
brought important experimental evidence in favour 
of his view. 

This book is in the nature of an introduction to 
the venerable psychophysics of vision, as it stands 
to-day, engaged in remodelling itself in response t 
the challenge of electrophysiology and photo 
chemistry. Prof. Hartridge has not himself been 
engaged in work in the latter fields, and no doubt 
those who have may feel that the balance sheet 
should have been made up differently. It is never 
easy to satisfy all the specialists all the time. The list 
of up-to-date references will have to do the rest. 
What emerges from the book, however, is something 
positive: an alert and inquisitive mind enjoying 
with almost dramatic intensity the play of ideas and 
experiments on the stage set for research on the eye. 


PRESENT POSITION OF 
SULPHONAMIDE THERAPY 


The Sulphonamides 

By Dr. F. Hawking and Dr. J. Stewart Lawrence. 
Pp. vii+389. (London: H. K. Lewis and Co., Ltd., 
1950.) 42s. net. 


T is now fourteen years since the sulphonamides 
were introduced into medicine, and, as the preface 

of this book states, “the subject may usefully be 
reviewed with that degree of detachment which is 
essential if the views expressed are to have some 
permanency”. The book is, indeed, an admirable 
presentation of the subject from the British point of 
view, and forms a most valuable companion volume 
to its American counterpart, ‘“The Sulfonamides and 
Allied Compounds”, by E. H. Northey. Whereas 
the latter deals fully with the chemical side of the 
sulphonamides and is somewhat superficial in relation 
to clinical application, the British book is remarkable 
for its excellent handling of the clinical aspect, with 
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idged selective attention to the chemical 
mode of action and pharmacological 
properties of the sulphonamides in common use. 
The difference arises by reason of the qualifications 
an training of the respective authors. 

irteen years of experience have given rise to an 
it nse literature on the subject. From this, the 
authors of this book, having now had the opportunity 
of surveying the European continental literature of 
the war period, have selected some thirteen hundred 
references, which may be regarded as representing 
al! that is worth recording from the points of view 
of history, evolution, theory and practice. It is 
revealing to note that in 1941 a conservative estimate 
the number of people treated with sulphonamides 
in the United States alone is put at ten to fifteen 
million, and that in 1943 the United States manu- 
factured some four thousand tons of various sulphon- 
amides. Figures such as these put the incidence of 
toxic complications in the right perspective by 
emphasizing their comparative rarity. The book 
itself contains a brief but adequate historical intro- 
duction, five chapters devoted to the chemistry, 
biochemistry, pharmacology and mode of action of 
the drugs, including a chapter on the fascinating 
subject of acquired resistance. Two chapters sensibly 
deal with the mode of administration and the choice 
of compound. The remainder of the book is con- 
cerned with individual infections from the aspects of 
bacteriology and regional involvement, together with 
an appraisement of prophylactic value, as well as a 
description of toxic effects. 

It can be freely admitted that sulphonamide 
therapy has come to be overshadowed by the 
development of the less toxic antibiotics which have 
a similar or wider range of action. Yet there is still 
a considerable place for the sulphonamides by reason 
of their cheapness and effectiveness, especially in 
country districts or in remote places within the 
British Commonwealth where the more expensive 
antibiotics are neither. readily available nor so easily 
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administered. This book, by two medically qualified 
men, both of whom have contributed so much 
towards the proper understanding of the mode of 
action of the sulphonamides as well as their properly 
controlled practical application in the medical field, 
is not only @ most valuable page of medical history, 
but also a text-book for those who wish to be well 
informed in all aspects of a still important subject. 
LIONEL WHITBY 


ECOLOGY OF THE TREE 


The Triumph of the Tree 
By John Stewart Collis. Pp. 254. (London: Jonathan 
Cape, Ltd., 1950.) 10s. 6d. net. 


’TCHIS is one of those exceptional books of an 

original mind that escapes definition and cate- 
gories. Is it a work of science or literature, of the 
past or the future, of specialized thought or imagina- 
tion, of analysis or synthesis ? The fact is that it is 
all these things in one, and so difficult of compre- 
hension to our generation, which conducts its thinking 
in departments and is highly suspicious of mixing 
prose with poetry, scientific investigation with 
esthetic apprehension. Nevertheless, this is a book 
that insists on being noticed by its own inherent 
power, for one thing, and because it directs attention 
to very important and pressing facts, for another. 
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It is a ‘revolutionary’ book, not at all in the com- 
monly accepted sense of that much abused term, but 
rather in the sense that it makes the utmost of a 
new science which is by no means persona grata to 
orthodoxy but may with some confidence be regarded 
as a science of the future, that of ecology; and, 
because Mr. J. S. Collis writes with great force and 
urgency but not in the least sentimentally, he invests 
this new science with such weight and significance 
that it cannot be ignored. 

The book opens with a long account of the attitude 
of early and mythopeeic man to trees, and adduces 
a very large number of instances, from all parts of 
the world and through a succession of ages, of the 
different forms taken by the tree-cult. This portion 
is very entertaining, covering as it does so wide a 
field from the beliefs of primitive tribes or com- 
munities to the highly organised prehistoric civil- 
izations of the Near East. Mr. Collis finds common 
ground in all these disparate records in the ascription 
of supernatural power to trees, whether in fear or 
worship or both, whether by means of an elaborate 
ritual or by simpler fairy-tale techniques. I doubt 
whether such research has ever been done before, 
collectively, so to speak, and the author’s miscel- 
laneous bag should be of unusual interest to anthro- 
pologists and archzologists. 

Mr. Collis then proceeds to discuss at length the 
value and position of trees in the order and hierarchy 
of Nature. He rejects the accidentalism of the ultra- 
Darwinians, and by wide learning and a persuasive 
manner argues on behalf of the very real existence 
of a natural order: “The Order of Nature either is 
an order or it is not, and everything must be in its 
proper environment. Nothing could ever start in an 
improper environment, otherwise it would never 
start. . . . Thus, when we speak of the Order of 
Nature are we not saying something as obvious as 
that the sun rises and sets with marked punctuality ? 
Yes, I think that that is really all we are saying— 
that the universe works, that it does not break down. 
There is an inherent principle at work which ensures 
a balance.” 

The next step is to illustrate how that balance has 
been disrupted by the drastic change in mental 
attitude between apologizing to a tree before you cut 
it down and felling whole forests as raw material for 
the saw-mills in order to satisfy the insatiable 
demands of modern industrial States which proceed 
upon the assumption that natural resources are 
inexhaustible and to be exploited at will. Mr. Collis 
paints a truly horrifying picture of the devastation 
wrought in Africa, Australia, America and elsewhere 
by the wholesale clear-felling of forest and closely 
correlates it with the ecological effects on soil, 
climate, rainfall, the silting up of rivers, the reduction 
of food-bearing areas, and the havoc of great winds 
on one hand and with the disappearance of former 
civilizations (that of the Maya, for example) owing 
to the dislocation of their natural environment, on 
the other. Nor does Mr. Collis neglect a minute and 
comprehensive examination of the dominant part 
played by trees in maintaining the economy of 
Nature. 

From every point of view, whether as science or 
prose-poetry, or from the point of view of an absorbing 
readability, this is without doubt a book of great 
importance ; and its argument that the principle of 
conservation must replace the enormous destructive- 
ness of modern States if civilization is to survive is 
unanswerable. H. J. MassmncHam 
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AND CONGENITAL PORPHYRIA 


By Dr. A. NEUBERGER and Dr. HELEN M. MUIR 
National Institute for Medical Research, Mill Hill, London, N.W.7 
AND 
Pror. C. H. GRAY 
Department of Chemical Pathology, King’s College Hospital Medical School, Denmark Hill, London, S.E.5 


“HE biosynthesis of porphyrins has aroused the 
interest of biochemists for a considerable time, 
and numerous hypotheses' have been devised to 
account for the predominance in Nature of porphyrins 
related to aetioporphyrin III, and for the occurrence 
of porphyrins related to aetioporphyrin I in small 
quantities in normals and in large quantities in cases 


glutarate and one of glycine as in the accompanying 
scheme. 
COOH 
| 
HOOC . CH, . CH, CO . CH, . CH, . COOH O 


HOOC . CO CH, . COOH 


of porphyria. Scanty experimental evidence was only a 
available until the introduction of the isotope tech- NH, 
HOOC . CH, .C——-C . CH, . CH, . COOH ~— HOOC.CH,.C C . CH, . CH, . COOH + 200, 
~ ! | HH] 
HOoOC .C C . COOH HC CH 
~ J \ F 
NH + 3H,0 + CO, NH 
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nique into this field by Rittenberg and Shemin and 
their colleagues in 1945. Further work in American 
and British laboratories has greatly extended our 
knowledge, and it is the purpose of this article to put 
forward a scheme consistent with the information 
recently obtained. 


Precursors of Porphyrins 


It was first shown by Shemin and Rittenberg? 
using nitrogen-15 that glycine is a specific pre- 
eursor of protoporphyrin. The isotope is equally 
distributed between rings I and II, and rings III ane 
IV respectively*. Additional evidence has since been 
obtained to suggest that glycine provides all four 
nitrogen atoms to an equal extent*. Carbon-labelled 
glycine has also been employed, and it has been shown 
that the methylene but not the carboxyl carbon 
atom is used for porphyrin synthesis®. Moreover, it 
was discovered, almost simultaneously in Great 
Britain® and in the United States’, that the four 
methyne carbon atoms are derived from glycine in 
addition to four pyrrolic atoms. Thus eight glycine 
molecules are utilized for each protoporphyrin mole- 
cule ; eight carboxyl carbon atoms and four nitrogen 
atoms are lost during the synthesis. 

Lemberg and Legge' have suggested that two 
molecules of «-ketoglutarate condense with one mole- 
cule of glycine to form a pyrrole, and though their 
scheme has to be modified to accommodate more 
recent results, all the evidence is compatible with 
the assumption that this keto-acid is involved. The 
carbon atoms of acetate and pyruvate are incor- 
porated into protoporphyrin*’, and it seems likely 
that these compounds are converted through the 
tricarboxylic acid cycle to substances which are the 
immediate precursors of porphyrins. The fact that 
an appreciable fraction of the deuterium of deuterio 
acetate appears in the porphyrin molecule suggests 
that the immediate precursor is keto-glutarate rather 
than oxal-acetate or pyruvate, which would have 
lost most of their deuterium in passing through the 
eycle. It may therefore be suggested that the initial 


condensation occurs between two molecules of keto- 





II 


This mechanism agrees with the recent findings of 
Wittenberg and Shemin’ that the ring carbon atom 
derived from glycine is situated between the nitrogen 
atom and the carbon atom to which the propionic 
acid or vinyl side-chain is attached. 


Congenital Porphyria 


We have fed glycine labelled with nitrogen-15 
to a patient suffering from congenital porphyria in 
order to obtain information concerning the incor. 
poration of glycine into stercobilin and into por. 
phyrins*. The fecal and urinary coproporphyrin, the 
urinary uroporphyrin and the fecal stercobilin 
isolated during the first few weeks of the experiment 
had high nitrogen-15 contents which decreased with 
time. Mathematical analysis suggested that in congen- 
ital porphyria, coproporphyrin I, uroporphyrin I and 
the protoporphyrin of the circulating hemoglobin 
were derived from a common precursor. The nitrogen 
15 content of the urinary uroporphyrin was lower 
than that found in the other pigments and suggested 
that there was a difference in the degree of storage of 
uroporphyrin and coproporphyrin in the body. 

Life span of red cells in congenital porphyria. Early 
work? with nitrogen-15 confirmed results obtained by 
other techniques indicating that in normal man the 
mean life span of the red cells is about 120 days. In 
certain anemias an appreciable number of the circu- 
lating red cells are defective, with the result that the 
life span of these abnormal cells is greatly reduced®. An 
independent estimate of the mean life span of the red 
cells has been obtained from the nitrogen-15 content of 
the stercobilin, which reaches @ maximum about 130 
days after the administration of the labelled glycine’’. 
Rather surprisingly, about 20 per cent of the sterco- 
bilin appears to be derived from a source other than 
the breakdown of the circulating hemoglobin, and 
this fraction becomes labelled in the early part of 
the experiment. 

In congenital porphyria the changes of isotope 
content of the circulating hem indicated that 
hemolysis was occurring during the first experiment. 
During a second experiment, which took place six 
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months later, this hemolysis was very much less 
mi d. The high concentrations of nitrogen- 15 found 
in the feeeal stercobilin during the first 2-3 weeks of the 
experiment were in striking contrast to the findings 


in a normal person. A second, smaller peak of incor- 
mn of nitrogen-15 into the stercobilin was found 
between the 80th and 150th day of the experiment 
at 4 time when the rate of breakdown of the circu- 
lating hem was highest ; but this peak was very much 
améller than thet observed at this time in the experi- 
ments upon the normal person. Between the 30th 
and 80th days, small but significant concentrations 
of nitrogen-15 were present in the stercobilin of the 
case of porphyria. This also to a smaller 
xtent in the normal individual. 

rhe results with normal man indicate that ster- 
cobilin is derived not only from the hemoglobin of 
red cells at the end of their normal iife span, but from 
at least two other metabolic sources. During the 
early stages of maturation of the primitive red cell, 
it is probable that there are simultaneous synthesis 
and destruction of hem. As maturation proceeds, 
the rate of synthesis exceeds the rate of breakdown 
and the amount of hem increases. The degraded 
hem, however, gives rise to bile pigments and 
ultimately stercobilin, until with full maturation the 
synthetic and destructive processes cease and the 
hem content remains constant. Thus, stercobilin 
formation is associated with erythropoiesis as well as 
with hemolysis. The third smallest metabolic 
fraction of the stercobilin may be derived from non- 
hemoglobin hems such as those of myoglobin, 
catalase and cytochrome c. Whereas in the normal 
about 70 per cent of the stercobilin is derived from 
red cells at the end of their normal life span, 15-20 
per cent is associated with erythropoiesis and the 
remaining 10-15 per cent from other sources, in 
congenital porphyria, 70 per cent of the stercobilin 
is associated with erythropoiesis and only a small 
fraction, 10-15 per cent, is derived from the break- 
down of red cells at the end of a normal ‘life span. 
These findings, supported by hematological data in 
our case as well as those of numerous other cases 
recorded, suggest that exc@ssive hemolysis, which 
may be intermittent, is an important feature of 
congenital porphyria. 

It is suggested that congenital porphyria consists 
of a disturbance of porphyrin formation not in the 
body as a whole, but in the erythropoietic system. 
Borst and Koenigsdorffer" interpreted their histo- 
logical findings in the bone marrow as indicating 
synthesis of the porphyrins in the erythroblasts, the 
pigments found elsewhere in the body arising by 
secondary deposition. Rimington’? has postulated 
that in congenital porphyria there is a genetically 
determined abnormality of the enzyme systems 
whereby greatly increased quantities of type I 
porphyrins are produced. We suggest that the 
enzyme systems within the developing red cells are 
concerned : that the abnormal porphyrins are not 
available for hemoglobin synthesis and interfere with 
erythropoiesis. Developing red cells containing 
excessive amounts of type I porphyrins are broken 
down in the bone marrow and the porphyrins of 
type I are excreted as such, while those of type III 
are converted ultimately to bile pigments. This view 
implies that an important feature of congenital 
porphyria is destruction of red cells within the bone 
marrow, &@ view in agreement with the observation 
of Borst and Koenigsdorffer", who reported the 
presence of numerous porphyrin-containing immature 
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red cells in the phagocytes of the bone marrow. 
In certain circumstances, this destruction appears 
to be postponed until after the primitive red cells 
have matured and reached the circulating blood. It 
is thus suggested that in congenital porphyria the 
rate of catabolism of hem or hemoglobin, which 
takes place to a small extent in the immature red 
cell of the normal individual, may be increased 
relative to that of hemoglobin synthesis, so that the 
proportion of stercobilin derived from non-circulating 
hem would be greater than in the normal. 


Mechanism of Porphyrin Synthesis 


The earlier schemes put forward by Dobriner and 
Rhoads'* and Turner have been criticized as 
predicting the occurrence not only of porphyrins of 
types I and III, but also those of types IT and IV 
which do not occur in Nature. A more satisfactory 
hypothesis was proposed by Sir Robert Robinson!*, 
but even this does not exclude completely the 
formation of type IV porphyrins. Robinson suggested 
that there is a structural unit from which all naturally 
occurring porphyrins are derived. We believe that 
this basic unit is compound II, that is, 3-carboxy- 
methyl 4-(2’-carboxyethyl) pyrrole. The concept of 
a universal structural unit leading in the first place 
to the fully carboxylated uroporphyrin agrees with 
the isotope results which indicate a similar mechanism 
of formation for all the naturally occurring porphyrins. 

It is suggested that this pyrrole then condenses 
with a two-carbon compound derived from glycine, 
such as glyoxylic acid, to give after decarboxylation 
either compound A or B: 


HOOC . CH,C-——-C . CH, . CH, . COOH 
HC C.M 
a 
NH 
A 
HOOC . CH, .C C . CH, . CH, . COOH 
i} i} 
M.C CH 
a. 
NH 
B 


Such pyrroles containing a hydroxymethyl group 
in x-position condense readily to give porphyrins’. 
Muir and Neuberger® had previously considered a 
preliminary condensation of two glycine molecules to 
hydroxyaspartic acid, which would then condense 
with two molecules of ketoglutarate to give ultimately 
pyrrole A. We now believe that this scheme is 
unlikely, since it accounts for the formation of 
pyrrole A from which porphyrins of type I only, but 
not type III, may be derived. Moreover, our colleague, 
Dr. C. E. Dalgliesh, has so far not found any evidence 
that either of the two racemic hydroxyaspartic acids 
is metabolized in vitro 

The formation of the porphyrin molecule is thought 
to proceed by stepwise condensation of A or B units 
to give as the penultimate product a linear tetra- 
pyrrolic substance. If no restrictions were placed on 
the mode of combination of A and B, all four possible 
uroporphyrins would be formed. Since only types I 
and III are found in Nature, it is postuJated that in 
the linear condensation the M (potential methyne) 
groups of B but not of A can be activated enzymically, 
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while both units can act as ‘acceptors’ of the potential 
methyne carbon atoms. Such a process would 
probably involve attachment of the enzyme to the 
two acidic side-chains which are differently placed 
with respect to M in the two substrates A and B. 
It is further postulated that in the final ring closure 
a reaction which is different in character from the 
linear condensation of pyrrolic units, the M groups 
of either A or B units, can be activated. This theory 
predicts the formation of porphyrins of type I and 
III and the non-occurrence of those of types IT and 
IV. Initial condensation of B with A can only be 
followed by further successive addition of B units to 
give B—B—B— A, which on ring closure will give 
type III. Self-condensation of two A units is pre- 
cluded, while B—B condensation can be followed by 
either further addition of two B units giving uro- 
porphyrin I or of one A and one B unit giving 
uroporphyrin ITI. The restrictions placed on the 
reactions of A prevent the incorporation of more than 
one A unit and thus the formation of uroporphyrins 
II and IV. 

The proportions of type I and type III porphyrins 
synthesized will depend not only on the relative 
amounts of the units A and B, but also on the ratio 
of the velocity constants k, and fk, : 


‘B—B) = k,| By 
|A—B] = k,/ A}[B]. 


It is an important consequence of the above postulate 
that, if [A] and [B] are equal and k,/k, = 1, the 
amounts of uroporphyrin III produced will exceed 
considerably those of the isomeride of type I. This 
follows immediately from the fact that while each 
AB condensation leads to porphyrin III, BB or BBB 
ean add either A or B and thus give rise to both 
uroporphyrins. However, the great preponderance 
of type III porphyrins cannot be entirely explained 
by such a statistical factor. We shall have to assume 
that either *, exceeds k, or that [A] is larger than 
'B). An excess of A may easily arise in the following 
way. Whatever the relative values of [A] and [B] 
and of k, and k, are, the amount of B removed from 
the system by porphyrin formation must be greater 
than that of A. Thus, if the rates of formation of 
A and B are approximately equal and if both rates 
are not very much faster than that of the further 
condensation, the stationary concentration of B in 
the steady state must be much smaller than that of 
A. This would obviously lead to preponderance of 
uroporphyrin III. Moreover, owing to the statistical 
factors discussed above, a ratio of [A] to [B] or k, 
to k, of about 15 would be sufficient to produce a 
ratio in the two uroporphyrins of about 500 to 1. 

Congenital porphyria may therefore be explained 
as @ quantitative change in the relative rate of one 
step in porphyrin synthesis. Thus a decreased rate 
of production of A or an increase in the rate of 
formation of B will favour synthesis of uroporphyrin 
I. A similar result will be obtained if the ratio k,/k, 
decreases. 

The hypothesis put forward assumes that copro- 
porphyrin III and protoporphyrin IX are derived 
from uroporphyrin III by successive decarboxylation 
and dehydrogenation. The fact that uroporphyrin 
III has not been identified with certainty in the urine, 
feeces or tissues of normal individuals and possibly 
not even in cases of acute porphyria may mean that 
the initial decarboxylation to coproporphyrin is very 
fast in the III series. Both copro- and uro-porphyrin 
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I occur in porphyria, and it must be supposed ‘hat 
either a separate enzyme is concerned in the tring. 
formation of the latter to the former or that the 
enzyme responsible for the corresponding decarb. 
oxylation in the III series is not wholly specific snd 
decarboxylates uroporphyrin I slowly. On the 0: her 
hand, the enzyme converting coproporphyrin to 
protoporphyrin appears to be highly specific for the 
III series, since no meso- or protoporphyrin derived 
from aetioporphyrin I have been found in Nat ire 
This specificity is likely to be due to the spatial 
arrangement of the propionic acid side-chains in 
rings IIIT and IV, which presumably are point. of 
attachment for the enzyme(s) concerned with the 
dehydrogenation and decarboxylation at this st:.ge. 
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SUBJECTIVE MEASUREMENTS IN 
ACOUSTICS 


MEETING of the Acoustics Group of the 

Physical Society held on April 25 at the 
National Hospital, Queen Square, London, W.C.1, 
took the form of a discussion on the technique of 
subjective measurement#. The greater part of the 
discussion naturally dealt with subjective experiments 
in acoustics, but there were also certain contributions 
referring to measurements of vision. The main points 
dealt with in the discussion were the dimensions of 
measurement appropriate to subjective experiments 
in acoustics, the need for an agreed terminology, and 
the reliability of subjective measurements. A number 
of contributors reported the great reliability of 
relative measurements and the comparative un- 
reliability of absolute measurements. 

The chairman for the meeting was Mr. H. L. Kirke 
(chairman of the Acoustics Group) and the discussion 
was opened by Dr. D. B. Fry, of University College, 
London, who dealt with a number of fundamental 
considerations in the making of subjective measure- 
ments. He defined an objective measurement as one 
in which the role of the human being is confined to 
that of observer, and a subjective measurement as 
one in which a human sense organ and brain are 
included in the ‘experimental circuit’. The purpose 
of all subjective measurements is to establish cor- 
relations between events in the physical world and 
events within the human brain, that is to say, 
correlations between the stimulus and the sensations 
which it evokes. The technique of such measure- 
ments consists in measuring the stimulus along 
certain dimensions and correlating these measure- 
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ments with the magnitude of the sensation. The 
bi of subjective work in acoustics, therefore, is the 
assu:nption that the idea of magnitude can be applied 
to the sensations registered by the human brain. 
The most commonly used magnitudes of sensation 
are the minimum perceptible sensation or minimum 
perceptible change in sensation, which are used in 
determinations of thresholds of all kinds. Other 
measurements depend on the idea that the brain can 
recister equal magnitudes of sensation (for example, 
equal loudnesses) and that it can even decide that 
one sensation is twice, five times or ten times as 
great as another. These operations are carried out, 
for example, in experiments on the fractionation of 
pitch and loudness. 

One of the most important questions in subjective 
measurements concerns the dimensions of measure- 
ment. It is essential that the stimulus and the 
sensation should be clearly distinguished from each 
other, and the dimensions of the sensation must be 
inherent in the subjective world to which the 
sensation belongs; they cannot be imported from 
the realm of physical measurements. Dr. Fry sug- 
gested that there are three basic dimensions of 
acoustic sensation: pitch, loudness and quality. 
These are basic dimensions because two sounds may 
be presented to the human brain which differ from 
each other with respect to one of these dimensions, 
while being the same with respect to the other two. 
To these purely acoustic dimensions must be added 
a fourth, which is common to all sensations, namely, 
a dimension which represents time. The term ‘length’ 
might be adopted to express this aspect of the 
sensation. 

The difficulty of maintaining clearly the distinction 
between the stimulus and the sensation is partly due, 
Dr. Fry said, to the lack of an agreed terminology in 
acoustics. Although the various properties of the 
sensation are not correlated in a simple fashion with 
a single aspect of the stimulus, it is convenient to 
have corresponding terms wherever possible. Thus, 
the term ‘length’ might refer to the sensation, and 
‘duration’ to the stimulus ; ‘pitch’ to the sensation, 
‘frequency’ to the stimulus; ‘loudness’ to the 
sensation, and ‘intensity’ to the stimulus. The 
‘quality’ of the sensation has no direct counterpart 
in the stimulus, but the term ‘complexity’ might be 
used to denote either a property of the wave-form 
of the stimulus, or the number of components yielded 
by any method of frequency analysis which was 
employed. In addition to these terms for the dimen- 
sions, the term ‘threshold’ might be reserved for the 
minimum perceptible sensation, and ‘limen’ for the 
corresponding magnitude of stimulus, while minimum 
perceptible changes might be called ‘differential 
threshold’ and ‘difference limen’ respectively. 

In dealing with various techniques of subjective 
measurement, Dr. Fry suggested that a distinction 
might usefully be made between the experiment 
which requires an effort of introspection from the 
subject, and that in which he is allowed to make 
some automatic reaction such as he makes in every- 
day life. Most techniques for determining limina are 
‘introspective’, whereas articulation-testing methods, 
for example, depend on a quasi-reflex response from 
the subject. The subject is generally more at ease 
in experiments of the second type, but quite stable 
results can nevertheless be obtained with the intro- 
spective method. Whichever technique is used, the 
part played by the subject in the experiment should 
be as simple as possible, and he should not be allowed 
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any contre! over the stimulus, since this gives rise to 
@ spurious reliability in the results. The observer 
needs much skill and judgment in the conduct of the 
experiment if the measurements are to yield reliable 
results. 

Mr. T. Somerville (B.B.C.) also spoke of the need 
for an agreed terminology in this field and cited the 
use of the term ‘resonance’ by musicians as leading 
to much confusion. He did not agree with Dr. Fry 
that the subject should not be allowed to control the 
stimulus; there are many cases in which it is 
important that he should do so. He pointed out that 
there are a number of difficulties in subjective 
measurements. A subject must not be asked to 
continue the measurements for too long; a test 
lasting twenty minutes is generally the maximum 
which should be allowed. In all measurements it is 
necessary to carry out a pilot experiment to show 
up the various difficulties which could not be fore- 
seen. Then there is the question whether subjects 
should be selected or not. This would depend very 
much on the type of experiment which is visualized ; 
in the use of a questionnaire, for example, it is 
necessary to use a large number of subjects, and 
these would normally be unselected. It has been 
found by the B.B.C., however, that much valuable 
information can be obtained by using a group of 
specialists as subjects for particular measurements. 

Mr. P. Denes (University College, London) stressed 
the fact that the measurement of sensations is 
possible only along the appropriate dimensions, and 
that subjective measurements cannot measure along 
physical dimensions. With regard to quantitative 
subjective scales, he distinguished the rank-order 
scale from the numerical scale and cited the scale of 
phons and the scale of sones as examples of the two 
types. He also suggested that relative subjective 
measurements should be made in preference to 
absolute ones, since they give greater reliability. 
Referring to the general basis of subjective measure- 
ments, Mr. Denes said that there is always a con- 
siderable number of links in the chain which connects 
stimulus with sensation, and that influences of 
various kinds operate on these different links; one 
is therefore never dealing with a single cause and 
effect, and it is not justifiable to draw conclusions 
from subjective measurements about any single 
link in the chain. He also put forward a plea for 
the fullest possible description of the experimental 
conditions in published accounts of subjective 
measurements. 

Subjective measurements of visual effects were 
described by Dr. R. G. Hopkinson (Building Research 
Station), who dealt with the degree of reliability 
which may be achieved in such measurements. His 
experiments have been concerned with the glare set 
up by lighting systems, and employ a ‘multiple 
criterion’ technique ; that is, the subject is given a 
limited number of judgments (in this case ‘just 
imperceptible glare’, ‘just acceptable’ and so on) and 
he then adjusts the stimulus himself to match the 
given judgment. It has been found that the absolute 
level of the adjustment varies considerably even with 
one subject on different occasions, but as relative 
measurements the results show a high degree of 
reliability. 

Mr. C. R. Maguire (Metropolitan-Vickers Electrical 
Co., Ltd.), in describing experiments involving equal 
loudness judgments, mentioned several important 
points of technique. Experience has shown that in 
this field it is advisable to take all control of the 
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stimuli away from the subjects, and the question 
which the subject has to answer should be reduced 
to the simplest possible terms. Where the subject is 
asked to make a comparison, the experiment should 
begin with cases in which the difference between 
stimuli is large and the subject has no difficulty in 
answering the question. An interesting and so far 
unexplained result was obtained in the experiments 
described ; it proved to be of some importance 
whether the reference tone or the test tone was 
varied when presenting the stimuli, as a change in 
this respect introduced a consistent change of about 
4-5 phons in the results. 

The chairman (Mr. H. L. Kirke) stressed the need 
for keeping random variations in equipment small in 
comparison with the quantities to be measured. He 
also mentioned that the ‘multiple criterion’ technique 
has been successfully used by the B.B.C. in measuring 
the unpleasantness of interference in radio reception. 
In this particular experiment, six criteria were em- 
ployed. The discussion, he said, had indicated a real 
need for some consideration of the terminology to be 
used in connexion with subjective work. 

An account of experiments on the adaptation of 
the ear to sound stimuli was given by Dr. J. D. 
Hood (Otological Research Unit, Medical Research 
Council), who suggested that adaptation might have 
an important bearing on many subjective acoustic 
measurements. His experiments have demonstrated 
a difference between the results obtained by alternate 
and simultaneous loudness balances. 

Mr. D. L. Richards (Post Office Research Staticn) 
dealt with the application of probit analysis to the 
calculation of confidence limits with respect to the 
results of subjective measurements. The experiments 
discussed were designed to determine the loudness- 
level necessary to provide a usable telephone system. 
When the proportion of subjects who judged the 
system to be usable was plotted against the loudness 
level, the results gave a probability integral. The 
standard deviation of the corresponding normal 
distribution gives the measure of reliability of the 
judgments. The experiments also showed that the 
judgments of one subject are very reliable in the 
course of a single experiment, but that the absolute 
levels for that subject vary on different occasions. 

A comprehensive account of the part played by 
subjective measuremente in clinical work on deafness 
was given by Dr. T. 8S. Littler (Wernher Research 
Unit, Medical Research Council). He pointed out 
the difference between measurements in which the 
subject has to interpret what he hears, and those in 
which he has simply to register that he hears some- 
thing. In the deafness clinic, both types of measure- 
ment are made in the forms of pure tone audiometry 
and speech audiometry. Certain limitations are 
imposed by the conditions in which such tests are 
carried out. The time available is short and so the 
tests must require little conditioning of the subject. 
With deaf patients, it is particularly necessary that 
all instructions should be precise and simple; in 
articulation tests employed in speech audiometry, 
only meaningful words can be used, and the material 
has to be suitable for the particular patient. Care is 
necessary to avoid unwanted subjective effects, such 
as the setting up of transients in the ear through the 
sudden onset of a pure tone signal, or excessive 
practice effects in speech audiometry. Assessing the 
true performance of hearing aids is an operation 
which must be based on subjective measurements ; 
and, where objective methods are used for the 
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purpose, their results should be correlated 
subjective judgments. 

Mr. J. G. Holmes (chairman of the Colour roup 
of the Physical Society), in commenting on the need 
for an agreed terminology, gave a résumé of the work 
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done by the Colour Group in drawing up a suitable 
terminology for use in its own field. 
Mr. R. L. Dadson (National Physical Laboratory) 


discussed the technique of loudness-balance experi. 
ments particularly, and said that the order in which 
different stimuli are presented to the subject should 
be random. Experiments at the National Physica) 
Laboratory in which the subject was allowed contro] 
of the stimulus gave results which agreed well with 
those of measurements in which he had no control. 
although the scatter of the latter was rather greater. 
D. B. Fry 


GROWTH AND FORM 


N March 16 the Royal Society held an all-day 

discussion meeting on the “Measurement of 
Growth and Form”. Prof. S. Zuckerman introduced 
the ten formal contributors by saying that this was 
the fourth symposium having growth as its subject 
matter that had been held during the past five years. 
The first? had taken the form of a Festschrift for Sir 
D’Arcy Wentworth Thompson, whose lasting influence 
on current thought would be apparent throughout the 
proceedings ; the second, a conference at Princeton in 
1946, the proceedings of which had just been pub 
lished? ; the third, the Summer Conference of the 
Society for Experimental Biology in 1947 *. The pres. 
ent conference was to be deliberately narrower in scope 
than these last two, since it was less concerned with 
growth mechanisms than with the measurement of 
growth and form. This restriction might make it poss. 
ible to reach agreement on a variety of technical prob- 
lems. What, for example, was the status of growth 
equations: were they empirical or could they be 
arrived at deductively ? What was the relationship 
between the curve of growth of a single organism and 
that compiled from the means of massed statistics ! 
Was the allometry equation a valid formulation of 
differential growth, and what was its relationship to 
D’Arcy Thompson’s method of transformations ' 
Prof. Zuckerman called for a clear statement of the 
differences between the modes of growth of plants 
and animals, and asked how far methods appropriate 
to the description of animal growth were applicable 
to the growth of plants. 

Prof. F. G. Gregory took up the last question. 
Plant growth, he said, is in a sense permanently 
embryonic, in that change of form endures throughout 
the plant’s life-history. In the main, the form of the 
higher plant is governed by the relative development 
of leaf and stem; the tendency for secondary axes 
or branches to be produced ; the absolute sizes and 
shapes of leaves and their arrangement in the stem ; 
and the duration of growth of primary and secondary 
stems. The form of the leaf was the subject of 
mathematical description by D’Arcy Thompson ; but 
such a description did not illuminate the actual 
mechanism of growth, for the shape of the leaf is 
independent of cell size or shape and is a function of 
local variations in the rates of cell division, apparently 
related to the distribution and synthesis of auxins. 
The comparison of the growth processes of different 
organisms promises to be more rewarding. A study 
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of the modes of increase of height and weight, leaf 
surface, the number and dimensions of nodes on the 
stem, and the number of branches, flower buds and 
fruits makes it possible to appraise the influence of 
climatic and nutritional factors in governing growth 
and yield. Prof. Gregory pointed out that such 
analyses have yet to be extended to growth in con- 
trolled environments, for the study of which there 
are at present no facilities in Great Britain. Even 
so, the study of mature organs will not suffice, for 
the problem of plant growth and form centres on the 
meristem or growing points. 

Dr. G. M. Morant gave a lucid analysis of one 
particular problem of human growth: to determine 
from the existing records (which relate to more than 
two million individuals) the secular change in the 
height of British males over the past hundred years. 
He said that the two most relevant statistics that 
emerge from an analysis of the records are the 
maximum mean height and the age of its achievement. 
The age at which the maximum mean height is 
achieved makes a clear distinction between social 
classes, being earlier in the more favoured; and 
within any one such class, the fitter (for example, 
those selected for the armed forces) mature earlier. 
In the male population of Britain as a whole, the 
age for normal attainment of maximum height has 
fallen from 26 years in 1880 to 21} years in 1945; 
the fall has latterly become more rapid, and is more 
striking in the socially less favoured. The maximum 
mean height itself, 674 inches for the general 
population according to the best estimate, appears 
to have remained stationary. But, he asked, why 
do the height—age distribution tables reveal a decline 
in height after its maximum between eighteen and 
thirty years? One possibility is a selective death- 
rate, taller men being supposed to be the more 
vulnerable. A second is that there has been a secular 
increase of height in the population ; from which it 
would follow that the older men, those earlier born, 
would be the shorter. Dr. Morant finds neither view 
acceptable: the decline is probably due to a real 
decrease in the height of individuals, perhaps because 
of the shrinkage of intervertebral disks or to a change 
in the muscles and joints affecting the maintenance 
of the erect posture. At all events, British adolescents 
are taller now than formerly. The maximum mean 
height is stable, but its rate of attainment is not, 
and the secular change of the growth-curve has been 
due to @ speeding-up of the rate of growth. This 
interpretation supports the view that the height 
attained at maturity is genetically determined, 
though its rate of attainment is within wide limits 
governed by differences in the conditions of life. 

Dr. J. Hammond’s contribution dealt with the 
measurement of the growth and form of farm animals. 
Of the several methods of representation that might 
be chosen, the growth-rate curve, expressing the 
weights gained per unit of time, has proved to be the 
most useful both for the total live-weight and for the 
weights of the constituent tissues. Since the con- 
stituent parts grow at different rates, the form of the 
animal and the proportions of bone, fat, muscle, etc., 
vary throughout the period of growth. These pro- 
portions can be deliberately controlled within wide 
limits by retarding or advancing the growth-rate 
nutritionally at different epochs of life, taking 
aivantage at the same time of the fact that the 
different tissues respond very unequally to the 
deprivation of food. Pigs fed on a high plane of 
nutrition when young, that is, when bone and muscle 
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are growing quickly, develop a large frame, and fail 
to grow fat when dropped to a low plane of feeding 
later in life. Pigs fed on a low plane when young 
have stunted frames, and when later raised to a high 
plane deposit large quantities of fat on a shortened 
body. The facts discussed by Dr. Hammond have 
led to the formulation of a theory of the partition of 
nutrients to the different tissues of the body according 
to the order of their development in the individual 
or to their metabolic activity. 

Prof. S. Westoll spoke of the relatively new but 
now rapidly expanding subject of growth-studies on 
fossil material. Progressive changes of proportions in 
the evolutionary history of a group are better under- 
stood, he said, in terms of a transformation of growth 
processes than by the mere comparison of adult 
stages ; but material for such a study is understand- 
ably hard to come by. As a rule, it is, of course, 
obligatory to use size rather than age as the inde- 
pendent variable in studies of fossil growth, although 
it is true that some fossils (notably corals) have given 
evidence of seasonal growth. In general, it is hoped 
that an analysis of secular changes in the modes of 
growth will make it possible to appraise the sig- 
nificance of ‘orthogenetic’ trends in evolution, as has 
already been to some extent possible for the classical 
case of self-occlusive shell-coiling in Gryphea. Prof. 
Westoll spoke critically of the palzontologists’ 
reluctance to discard the Law of Recapitulation, and 
referred to the high interpretative value of the 
concepts of pedomorphosis and neoteny. 

Prof. Westoll mentioned an interesting outcome of 
size-frequency analysis in fossils: the possible 
existence of sexual dimorphism in the small Permian 
brachiopod Dielasma elongata. 

The appropriate methods for describing differential 
growth were discussed at some length. Dr. J. S. 
Huxley began by reviewing the history of the use of 
that equation for differential growth which, in its 
simplest form, asserts that the size of an organ grows 
in proportion to some constant power of the size of 
the whole. The equation had been used by Dubois and 
Lapique and others, particularly to represent brain- 
weight as a function of body-weight ; but Huxley was 
the first to investigate its general applicability. The 
allometry method not only reveals an order and 
coherence in the changing ratios of the sizes of the 
parts of the body, but also shows up, in the form of 
growth gradients, the distribution through the body 
of what Prof. Zuckerman had called patterns of form- 
change. The existence of such graded changes of 
shape is, of course, implicit in D’Arcy Thompson’s 
geometrical treatment of transformations, but the 
merit of the allometry method is that it makes the 
information explicit. Dr. D. Sholl was inclined to 
think that the allometry formula is scarcely accept- 
able when dealing with simply proportionate growth, 
that is, mere magnification, though it is true that 
simple magnification can be represented as a special 
case of allometry, namely, that in which the value of 
the exponent is unity. Prof. P. B. Medawar urged 
that Huxley’s mode of formulation is acceptable even 
if the exponent of the allometry equation varies as 
g@ function of age: whatever merit can be attached 
to the use of the specific growth function 
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for describing change of size, should justify the use 
of & ratio of such functions for describing the differ- 
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ential growth of two parts, for the exponent of 
Huxley's equation is simply a ratio of two specific 
growth-rates. Just as the use of the specific growth 
function is by no means confined to systems growing 
at a constant specific rate, so Huxley’s mode of 
formulation may still be appropriate even when the 
ratio of two specific growth-rates is found to vary. 
The theoretical background of Huxley’s equation is 
simply the theorem that biological growth is funda- 
mentally multiplicative in type—a generalization not 
invalidated by the existence of systems showing 
accretionary growth, because the growth of accre- 
tionary products like nails and hair is, in fact, sub- 
sidized by a multiplicative growth system, that of 
the epidermis. Pr >f. Medawar ended by sketching the 
theoretical background of the method of trans- 
formations, treated analytically and “put into 
continuous motion”. He said that it is not “superior” 
to Huxley’s method, but some special types of 
information can be extracted more easily from it. 
Dr. Sholl believed that the ‘vector’ method of growth 
analysis first applied by Richards and Kavanagh‘ has 
not been developed as fully as its promise justified ; 
this is a pity, because the analytical methods appro- 
priate to it are very well understood. 

Prof. J. B. S. Haldane said that the representation 
of allometric growth by the regression of one variate 
on another is perhaps justifiable if body-weight be 
the independent and the size of a small organ the 
dependent variate, but is certainly unjustifiable when 
the length and breadth of the same organism or organ 
are compared. What line or curve best represents the 
relationship between two such variates? Kermack 
and Haldane* have pointed out that the line 
(x—2)/or = (y—y)/sy is invariant under change of 
scale and impartial between z and y. If this line does 
not pass through the origin, an allometric relation- 
ship between z and y may be suspected, and if 
X = log x, Y = log y, then (X—X)/oX=(Y—Y)/cY 
may be taken as the axis of allometry*. If X and Y 
are normally correlated, the coefficient of allometry 
can be represented by 


oY 


cn 


log (1+ Vy*)_ Vy 
log (I + Vat) ~ Vz DOTY» 
where V, and Vy are the coefficients of variation of 
x and y. The corrections for non-normal correlation 
have proved to be small. 

In later discussion, Dr. E. C. Reeve referred to the 
genetical aspects of relative-size allometry revealed 
by studies on the inheritance of body-size in Droso- 
phila. The variations in wing- and thorax-length in 
& given stock must be analysed in terms of the genetic 
and environmental correlations between the two 
dimensions. The change in one dimension when the 
other is selected for large size can be said to lead to 
@ new concept, that of genetic allometry. 

Several speakers referred to statistical and other 
difficulties in the derivation and use of growth 
equations. Prof. Medawar singled out two. A curve 
of growth in time compiled from the mean weights 
of a population of organisms is in reality a curve 
demonstrating the mean contribution of an individual 
to the biomass of the population. It might, and often 
does, differ profoundly from the growth curve of the 
individual. Dr. Sholl and Dr. F. Yates re-emphasized 
the danger of error arising from this source, and Dr. 
Shol] pointed out that Richards and Kavanagh‘ have 
worked out acceptable solutions for many of these 
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difficulties as they arise in the study of allontry, 
Dr. Sholl particularly stressed the need for app!ying 
statistically efficient tests for the goodness of {it of 
growth equations: it is not good enough to fit ‘by 
eye’. A second hazard of a rather different sort wag 
pointed out by Prof. Medawar, and it provoked some 
discussion later on. If Huxley's allometry formu'a ig 
a@ theoretically valid description of the differe:tial 
growth of two parts of an organism of dimensions 
y and z, then it cannot at the same time he a 
theoretically valid description of the differentia] 
growth of the quantity (y+ 2); for, as J. B. 8. 
Haldane pointed out many years ago, the sums and 
averages of these simple parabolic functions are not 
themselves functions of the same sort. Dr. Yates 
was critical of statistical evidence revealing the 
presence of growth gradients: the trunk region of 
the human being cannot, for example, be said to 
show within itself the growth gradient that a trans. 
formation analysis had suggested, although the head 
shows & progressive relative decrease in size and the 
lower limb a progressive relative increase. 

In his introductory address, Prof. Zuckerman had 
asked for a decision on the status of growth equations: 
were they empirical or could they be deduced from 
prior assumptions relating to the partition of nutrients, 
the balance between anabolism and catabolism, the 
‘gearing’ of growth by metabolic master reactions, 
and so forth ? The general feeling of the meeting was 
that growth equations are primarily empirical 
descriptions of growth. Dr. Sholl pointed out that 
there are 296 different sorts of growth formule and 
that some deduced formule contain so many para- 
meters that they are highly adaptable to a great 
variety of empirical data. An equation can be fitted to 
any finite set of points if it contains a sufficient number 
of parameters. At the same time he felt that it is 
not good enough to say that wth equations are 
purely empirical, otherwise it would always be 
sufficient to fit any n points with a polynomial of 
order (n—1). Prof. Haldane said that individual 
growth curves could be averaged in two ways: the 
mean stature (or other dimension) might be plotted 
against age; or the stature, or fraction of the 
adult stature, might be plotted against the age at 
which it is achieved. But neither method gives a 
representative growth curve. One should try to fit a 
small number of parameters to each curve—four to 
six should be enough—one of which would represent 
approximately the age of puberty and another the 
total extra growth associated with puberty. A repre- 
sentative growth curve could then be obtained by 
using the mean or, better, the median values of these 
parameters ; and if some prove to be correlated, the 
number of independent parameters will be corre- 
spondingly reduced. The parameters of such curves 
would have much more biological significance than 
those of curves representing averages. 

Not all contributors were satisfied that mathe- 
matical analysis of changes of size and shape is a 
fruitful procedure. Prof. C. H. Waddington urged 
that what is required is the resolution of a growth 
process into its contributory causes, as the morpho- 
genesis of the wing of Drosophila is the outcome of 
(among other things) changes of cell-size, cell-shape 
and cell-number, and the pattern of the distribution 
of such changes in the developing wing. Such an 
analysis, he felt, should precede, not follow, the formal 
analysis of size and shape. Prof. J. Z. Young pointed 
out that, although formal description is necessary and 
desirable, it is not an end in itself, and might be 
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miscliievous if growth were analysed in too remote 
isolation from the complex of activities that endow 
the organism with the properties of a self-maintaining 
system. Nor is it by any means true that all differ- 
ences of organisation can be quantitatively treated : 
for example, the differences between the organisation 
of the skins of Amphioxrus, lamprey and man are 
insusceptible of formal numerical treatment and are 
more important than differences that can be so 
treated. They are intelligible if one thinks of the 
skins as parts of biological systems adopting different 
modes of self-maintenance. One organisation can be 
said to be ‘higher’ than another in a sense which takes 
into account the efficiency of self-maintaining systems 
in relation to the range of variation of the environ- 
ment in which the faculty of self-maintenance is 
exercised—roughly speaking, in relation to the 
‘difficulty’ of self-maintenance. 
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“Essays on Growth and Form Presented to D'Arcy Wentworth 
Thompson.” Ed. by W. E. le Gros Clark and P. B. Medawar 
Oxford, 1945). 

*“The Chemistry and Physiology of Growth.” 
(Princeton, 1949). 

*“Growth in Relation to —_ rentiation and Mebeqeacste.” Sym- 
posia Soc. Exp. Biol., . 2 (Cambridge, 1945). 
ae 0. W., and “hadndh A. J. door In 
Growth and Form”, op. cit. 

*Kermack, K. A., and Haldane, J. B. 58. (unpublished). 

*Cf. Teissier, G., Biometrics, 4, 14 (1948). 


Ed. by A. K. Parpart 


“Essays on 


THE NEW JOHN INNES 
HORTICULTURAL INSTITUTION 


| opening of the new John Innes Institution 
was celebrated at Bayfordbury on June 2 before 
a gathering of about five hundred visitors, including 
representatives of some fifteen countries. The visitors 
were welcomed by the chairman of the Council, 
Colonel F. C. Stern, who gave an appreciation of the 
Institution’s work and an acknowledgment of the 
contribution of all who had helped with the removal 
from Merton. A formal address of opening was given 
by Lord Cranborne, who referred to the widening 
importance of the genetics research of the Institution 
in agriculture, medicine and human affairs generally. 
Lord Cranborne presented the Institution with a key 
to Bayfordbury Park, given by the then owner, 
William Baker, to the first Marquess of Salisbury 
as a token of the goodwill which then and now 
existed between neighbours. 

The director, Dr. C. D. Darlington, referred to the 
purpose of the Foundation, and the scope of the 
work that would now be undertaken. A vote of thanks 
to Lord Cranborne was then moved by Lord Roths- 
child, chairman of the Agricultural Research Council. 
The visitors were able to see exhibits of the work in 
the laboratories, the library, the glasshouses and the 
experimental fields. The National Rose Collection 
and the Pinetum were also shown. 

The mansion of Bayfordbury and the surrounding 
estate of some four hundred acres were bought by the 
John Innes Trustees in May 1945 (see Nature, 156, 
586; 1945). It was intended to serve as a home for 
the Horticultural Institution, which was established 
at Merton in 1910. It is sixteen miles due north of 
London, one mile from the county town of Hertford 
and ten miles from the sister research station of 
tothamsted. The house was built in 1760, and the 
gardens were laid out at the same time. Great 
extensions were made later. In 1810 the “Bury”, as 
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it came to be called, was enlarged, and by 1840 stable 
buildings, a walled garden, an artificial lake and a 
pinetum for the acclimatization of exotic species had 
been laid out by the owners, the Baker family. 

On these foundations the John Innes Institution 
has set up its own organisation. The mansion 
has undergone little change except repair and the 
lighting and heating works. Of its rooms, sixty will 
be used for work and twenty for residence. Labor- 
atories, library and offices have now spread out to 
fill twice their former crowded space. The gardens 
have been restocked largely with gifts from private 
gardeners and other institutions. The stables have 
been converted into garden offices and flats. The level 
of the lake has been raised for use as a reservoir. A 
village, to be known as Broad Green, has been built 
for the staff, of whom twenty families have been 
accommodated on the estate. New water and elec- 
tricity supply and drainage systems have been 
installed for the three units and also for the fourth 
and largest which is comprised by the glasshouses. 

The design of the glasshouse unit, which covers a 
couple of acres (half an acre under glass), has been 
the subject of special study carried out under the 
auspices of a committee of the Ministry of Agriculture. 
The purpose was to use the whole arrangement as a 
many-sided experiment—primarily in orientation 
(east-west against north-south) and secondarily in 
materials (wood against steel and duralumin) and in 
systems of ventilation and heating. In addition, new 
methods of. artificial lighting, temperature and 
humidity control have been used, and a mechanized 
system of composting and soil sterilization has been 
installed. It was very much regretted that the 
curator, Mr. W. J. C. Lawrence, who has been 
responsible for these enterprising developments, was 
prevented by illness from attending the celebration. 

In parallel with the glasshouse construction, new 
controlled-condition rooms have been built in the 
mansion to meet the requirements of Dr. D. Lewis and 
others in which the temperature can be varied from 
—8° to +40° C., and at the same time a wide range 
of lighting and humidity can be maintained. These 
new methods of physiological control are demanded 
by the recent growth both of genetical and cytological 
research where studies of heredity and development 
find a meeting-place. 

Of the land, about a half has now been taken in 
hand. A hundred acres have been used for fruit and 
experimental plantations, and another hundred are 
being used as a source of timber, stakes and gravel. 
Mi. M. B. Crane’s orchards of new seedlings are now 
well established. The important specimen trees 
of the park are being tended and restored, named 
and labelled, and a great number of dead trees have 
been cleared. Some 120 species and hybrids (nearly 
all with their chromosome numbers attached) have 
so far been planted out as a beginning of the National 
Rose Species Collection. 

The removal of the John Innes Institution has 
been an experiment in transplanting not merely 
work and trees and equipment but also people from 
urban to rural surroundings. It is proper that 
research on the cultivation of crops and gardens 
should be carried out in the country, where the 
results of the research have to be applied and with 
a freedom of space which only the country can 
provide. If the trained men are available in the 
future to take advantage of these splendid new 
opportunities, agricultural and horticultural research 
should greatly benefit by the opening of Bayfordbury. 








956 


OBITUARIES 
Dr. Alexander Wood 


“AtEx’ Woop, born on May 3, 1879, was the son 
of Sir Alexander Wood, of Partick. He entered the 
University of Glasgow and was a pupil of Lord 
Kelvin, as he loved to relate. He became B.Sc. in 
1901 and D.Sc. in 1907. In 1902 he went to Emmanuel 
College, Cambridge, as an Advanced Student, and 
began work at the Cavendish Laboratory. He became 
B.A. in 1904 and M.A. in 1909; he was elected a 
Fellow of his College in 1907. He soon began teach- 
ing; his first lectures (1905) were on sound. From 
about 1904 he assisted P. V. Bevan in a first-year 
practical class. Bevan left in 1908, and Wood, a 
University demonstrator from October 1908, was 
head until 1910, when he became a tutor of Emmanuel 
College, and ceased demonstrating. He continued 
lecturing until 1947. From 1920 until 1944 he was a 
University lecturer. As a lecturer he was con- 
spicuously successful. He spoke slowly and clearly ; 
lhe addressed the audience and not the black-board, 
and, in his speaking, there was generally a suspicion 
—sometimes more—of dry humour. All this kept his 
class happy and interested. He lectured on mechanics, 
heat, light and sound. The lecture assistants were 
happy in helping their friend with the experiments. 

Light appealed to Wood, but sound was nearest 
his heart. He had a strong interest in music, although 
not a performer. He could give lectures on the 
fundamentals of sound and music which delighted 
children and adults who were without any scientific 
knowledge. They felt that they now knew the 
difference between a ‘noise’ and a ‘note’. His musical 
bent found expression in his books: “‘Physical Basis 
of Music”’, “Sound Waves and their Uses”, “Physics 
of Music” and “Planning for Good Acoustics”; the 
last was written with Hope Bagenal, consulting 
architect, who has written the following paragraph : 

“Wood was among the first in Great Britain to 
take an interest in the researches of W. C. Sabine, 
Hollis professor of mathematics and natural phil- 
osophy at Harvard, whose work at the close of the 
nineteenth century laid the foundations of the science 
of modern building acoustics. Wood maintained his 
interest in this subject up.to the last and co-operated 
with me [H. B.] in the correcting and designing of a 
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The King’s Birthday Honours 


THE King’s Birthday Honours List contains the 
names of the following men of science and others 
associated with scientific work : 


Baron: Dr. E. W. Hives, managing director, Rolls 
Royce, Ltd. 
K.C.B.: Sir Ben Lockspeiser, secretary of the 


Department of Scientific and Industrial Research. 

K.B.E.: Prof. D. B. Copland, vice-chancellor of 
the Australian National University, Canberra, and, 
during 1939-45, prices commissioner, Commonwealth 
of Australia ; Prof. N. Hamilton Fairley, for services 
to tropical medicine. 

Knights: Dr. A. N. Drury, director of the Lister 
Institute of Preventive Medicine ; Prof. G. Jefferson, 
professor of neuro-surgery, University of Man- 
chester ; Mr. N. B. Kinnear, formerly director of the 
British Museum (Natural History); Dr. J. I. Orme 
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number of buildings. An early example was the 
Cambridge University Examination Hall. In 1948, 
he was among those who inaugurated the new 
Acoustics Group of the Physical Society. He gave 
the first address to the Group. Those who heard it 
will recall its conviction, its freshness and its wisdom.” 

Wood much enjoyed the considerable time and 
effort he spent on a nearly finished life of Thomas 
Young, a man skilled in medicine, optics and 
Egyptology. It is hoped that the book may be pub- 
lished. 

In 1935 Wood was appointed one of the University 
of Durham commissioners. He was a town councillor 
in Cambridge from 1926 to 1945 and then became 
an alderman. From 1940 he was chairman of the 
Cambridge Housing Committee ; his untiring devot ion 
continued to the very end. In the nursing home on the 
last day but two before his death, he dictated thirty 
letters on housing matters. Space does not suffice for 
accounts of his work at the York Street Mission of 
St. Columba’s Presbyterian Church, Cambridge, of 
his work for youth in Sunday schools, in clubs and 
in the Band of Hope, or of his ‘labour’ and ‘peace’ 
activities in politics. 

Wood found great delight in sailing with a party 
on the Broads. He was proficient at life saving. 
Alderman Briggs tells how ‘‘early in the 1914 war, a 
man, cycling over Silver Street Bridge, saw a boy in 
difficulties in the river. He jumped into the river and 
brought the boy to a landing stage. Finding that 
the boy was all right, he rode off. It was all quick, 
clean, and no word spoken. The man was Alex 
Wood.” 

In 1907 he married Eleanor A. Mann, a sister of 
Dr. J. C. Mann, Bishop of Kyushu, Japan (1935-40). 
His wife and his four daughters survive him. 

Until the last few weeks he had good health. 
died, after a heart attack, on April 1, 1950. 

G. F. C. SEARLE 


He 


WE regret to announce the following deaths : 


Dr. H. A. Dickie, general manager of research at 
Stewarts and Lloyds, Ltd., aged fifty-four. 

Prof. Merle Randall, emeritus professor of chem- 
istry in the University of California, Berkeley, on 
March 17, aged sixty-two. 
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Masson, vice-chancellor of the University of Sheffield ; 
Dr. J. E. Myers, principal of the Manchester College 
of Technology ; Prof. J.C. Spence, professor of child 
health, University of Durham. 

C.B.: Mr. E. H. E. Havelock, secretary of the 
Development Commission, and recently administra- 
tive secretary of the Agricultural Research Council ; 
Mr. C. K. Johnstone-Burt, principal deputy civil 
engineer-in-chief, Admiralty. 

C.M.G.: Dr. J. Carmichael, member of the Colonial 
Advisory Council on Agriculture, Animal Health and 
Forestry ; Mr. B. J. Hartley, director of agriculture, 
Aden. 

C.B.E.: Dr. A. J. Amor, principal medical officer, 
Imperial Chemical Industries, Ltd.; Mr. R. F. 
Fowler, for services as a chief statistician, Cabinet 


Office; Mr. E. Green, general secretary, Workers’ 
Educational Association; Mr. G. H. Grigg, for 
services to agriculture (New Zealand); Dr. J. 
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J son, H.M. Astronomer, Cape of Good Hope ; 
Prof. T. J. Jenkin, director of the Welsh Plant 
Breeding Station, Aberystwyth; Major-General 
S. W. Joslin, late of the Corps of Royal Electrical 
and Mechanical Engineers; Dr. Harold King, 
formerly head of the Chemistry Division, National 
Institute for Medical Research ; Mr. W. B. Mercer, 
provineial director, National Agricultural Advisory 


: Dr. J. R. K. Paterson, director of the 
Holt Radium Institute, Manchester ; Capt. C. R. 8. 
Pitman, formerly game warden, Uganda; Capt. 
J. L. Pritchard, secretary of the Royal Aero- 
nautical Society ; Mr. A. G. Ramsey, chief mechan- 
ical and electrical engineer, Ministry of Works ; 
Mr. T. Rowntree, director of aeronautical inspection, 
Ministry of Supply ; Mr. C. A. Spencer, deputy chief 
scientific officer, Department of Scientific and 
Industrial Research ; Prof. O. G. Sutton, professor 
of mathematical physics, Military College of Science ; 
Prof. H. H. Swinnerton, emeritus professor of geo- 
logy in the University of Nottingham, and chairman 
f the University of Nottingham Joint Recruiting 
Board; Dr. A. J. Turner, director of research, Linen 
Industry Research Association ; Colonel B. Ungerson, 
late of the Royal Army Educational Corps; Mr. 
G. M. Wright, engineer-in-chief, Marconi’s Wireless 
Telegraph Co. 

I.S.0.: Mr. L. 8. Davis, Government chemist, 
Trinidad ; Mr. C. A. Leembruggen, formerly assistant 
director of surveys, Fiji; Mr. G. H. Makey, principal 
examiner, Patent Office and Industrial Property 
Department, Board of Trade; Capt. A. E. W. 
Nesbitt, surveyor, Gold Coast. 


Service ; 


Inorganic and Physical Chemistry at Leeds : 
Dr. F. S. Dainton 


Dr. F. S. (‘FRED’) Darnton, at present H. O. 
Jones lecturer in physical chemistry in the University 
of Cambridge, has recently been appointed to the 
vacant chair of inorganic and physical chemistry in 
the University of Leeds. There are two such chairs 
at Leeds, and the other one is already occupied by 
Prof. E. G. Cox. Dr. Dainton was educated in the 
local primary and grammar schools in Sheffield and 
in 1933 entered St. John’s College, Oxford, as an 
open exhibitioner, where he studied under Dr. H. W. 
Thompson. After taking a first-class honours schools 
chemistry) in 1937, he went to Cambridge with a 
Goldsmiths’ Company studentship and support from 
Imperial Chemical Industries, Ltd., and worked in 
collaboration with Prof. R. G. W. Norrish on reaction 
kinetics. Their work on the sensitized ignition of 
hydrogen oxidation largely established the importance 
of the thermal factor in the passage of a degenerate 
chain reaction to ignition. Subsequent to receiving 
his Ph.D. degree in 1940, Dr. Dainton was engaged 
in teaching and in war research at Cambridge with 
the Ministry of Supply. In 1945 he was elected a 
fellow of St. Catharine’s College and in 1946 appointed 
Humphrey Owen Jones lecturer in the Department 
of Physical Chemistry, Cambridge. Dr. Dainton’s 
later work, carried out in collaboration with his 
research students, has established him as an authority 
in the field of reaction kinetics. Special mention may 
be made of recent studies of the effects of ionizing- 
radiation on water, in which, by applying a variety 
of physico-chemical techniques, the production of 
hydrogen atoms and hydroxyl radicals has been 
demonstrated and their effects on various reaction 
processes, including polymerization, described. In 
his translation to Leeds, Dr. Dainton is returning to 
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his home ground; his many friends in Cambridge 
will wish him every success, but he will be much 
missed in more than one quarter. 


Fiftieth Anniversary of the Discovery of the 

Grignard Reagents 

Tue fiftieth anniversary of the discovery of the 
Grignard reagents by Victor Grignard was celebrated 
at the University of Lyons on May 13. The cele- 
brations were organised in collaboration with the 
Société Chimique de France, Industries Chimiques de 
la Région Lyonnaise, Association des Anciens Eléves 
de I’Ecole de Chimie Industrielle de Lyon, and the 
Fondation Scientifique de Lyon et du Sud-Est. The 
morning session opened with an introduction by the 
rector of the University, M. André Allix, and this 
was followed by an oration on the origin, develop- 
ment and significance of the Grignard reagents, which 
was delivered by Prof. R. Locquin, correspondant of 
the Paris Academy of Sciences. Then ‘vin d’honneur’ 
and a lunch were given by the Rector and Council of 
the University of Lyons to a gathering which included 
Mme. Grignard and other members of the late Prof. 
Grignard’s family, and representatives from many 
universities and institutions in France and elsewhere. 
The Chemical Society (Great Britain) was represented 
by Prof. D. H. Hey and Prof. H. Burton, honorary 
secretaries. In the afternoon a commemorative plaque 
was unveiled in the entrance hall of the Chemical 
Institute of the University of Lyons by the grand- 
daughter of Prof. Grignard. At the concluding 
ceremony, held at the University, addresses were 
read by Prof. G. Dupont (director of the Ecole 
Normale Supérieure and professor of theoretical 
chemistry in the Sorbonne), Prof. Ch. Dufraisse 
(professor of organic chemistry in the Collége de 
France), Prof. D. H. Hey and Prof. P. Karrer (rector 
of the University of Zurich), in which tribute was 
paid to the memory of this distinguished French 
chemist. 


Public Health Engineering Course in London 
Many American universities have flourishing 
schools of public health engineering, some at under- 
graduate level, but mostly postgraduate. In Great 
Britain the subject as one for university study has 
been very badly neglected, in spite of its importance 
both at home and in the Colonial Empire. The 
International Health Division of the Rockefeller 
Foundation, as part of its programme for raising the 
standard of public health throughout the world, has 
generously provided funds to enable the Imperial 
College of Science and Technology, London, in 
co-operation with the London School of Hygiene and 
Tropical Medicine, to inaugurate a full-time post- 
graduate course in this subject, beginning in October 
next. The syllabus is designed on broad lines, and is 
intended to cater both for those engineers who will 
take up municipal or consulting work in Great 
Britain and for those who will be concerned with 
development in the Colonies or in other parts of the 
world. The subjects to be covered at the Imperial 
College will include the principles of public health 
engineering, water supply and treatment, sewerage 
and sewage treatment, statistics, bacteriology and 
applied entomolegy. The London School of Hygiene 
will give courses on public health and local govern- 
ment, epidemiology, occupational health and tropical 
hygiene. A feature of the course to which much 
importance is attached is that in a number of classes 
engineers and medical men who are studying public 
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health will work side by side. The mutual under- 
standing and co-operation thus fostered should prove 
of great value in their professional careers. 


Agricultural Development at Kongwa, Tanganyika 


THE Overseas Food Corporation has announced 
that, to obtain further advice on the long-term and 
short-term agricultural policy to be pursued at 
Kongwa, Tanganyika, the Corporation has appointed 
a working party, on which the following have con- 
sented to serve: Mr. G. F. Clay, agricultural adviser 
to the Secretary of State for the Colonies; Prof. 
S. H. Frankel, professor of colonial and economic 
affairs at Nuffield College, Oxford ; Dr. H. H. Storey, 
deputy director of the East African Agricultural 
Research Organisation ; Mr. A. M. B. Hutt, member 
for development, Tanganyika Government; Mr. 
J. C. Muir, member for agriculture, Tanganyika 
Government. Prof. J. F. V. Phillips, agricultural 
aiviser to the Corporation, will also be a member of 
the committee, and Sir Charles Lockhart, a member 
of the board of the Corporation, will be chairman. 


History of Science as an Educational Discipline 

A sort meeting of the British Society for the 
History of Science, Science Masters’ Association, 
Association of Women Science Teachers, British 
Broadcasting Corporation, National Institute of 
Adult Education and the Workers’ Educational 
Association was held on February 27 at the Royal 
Institution, London, the subject being “The History 
of Science in Education’’. Prof. Herbert Dingle, a 
vice-president of the British Society for the History 
of Science, was in the chair and, in opening the dis- 
cussion, pointed out that what guided the pioneers 
in making fresh advances was rarely what appeared 
later to be the logical requirements of the situation, but 
frequently the impacts of other considerations now 
forgotten. He directed attention to the courses in 
history and philosophy of science in the University 
of London, leading to postgraduate degrees, and 
commented that many teachers attend these courses. 
Dr. H. F. Boulind thought that the history bf science 
should form in schools a part of the subject of history, 
so that the facts of history, including science, may be 
correlated into one whole. He was of the opinion 
that in the teaching of science the historical method 
could impart valuable lessons so that science would 
not be confused with dogma, and the nature of 
scientific truth would be appreciated. Mr. K. C. 
Barnes, while agreeing that the history of science 
might possibly best be written by a historian who 
knows science, pointed out that the number of such 
men is exceedingly few. He thought that there is 
great lack of interest in science among history 
students, and examination papers often encourage an 
extremely narrow view of history, implying no recog- 
nition of the part science has played in shaping the 
modern world ; undue specialization in sixth forms 
at school is to be deplored. 

Finally, Mr. F. R. Elwell gave a summary to 
the meeting of the work done by the British 
Broadcasting Corporation in science broadcasts to 
Secondary Modern Schools for children in the age 
group 11-15. The Corporation has a pamphlet on 
the history of science in the series of broadcasts to 
schools. Such broadcasts include biographical studies 
on great men of science, showing them against the 
background of contemporary characters, events of 
general historic interest and the social life of the 
time. Mr. Elwell thought that the inter-relationship 
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of various aspects of life and culture could be brouvht 
out in these talks, and commented that in the ficld 
of adult education there are many problems, one 
being a limited range of vocabulary not adequat sly 
realized by many speakers and writers on scient ific 
topics. 


Valve Voltmeter for the Laboratory 

A NEw type of valve voltmeter, designed for 
laboratory use and having an exceptional stab lit, 
and a high standard of accuracy, has been prodivod 
recently by Messrs. Electronic Instruments, Lid.. 
Richmond, Surrey. This voltmeter is a mains 
operated instrument designed to measure direct- and 
alternating-current voltages from 0-2 to 250 volts at 
frequencies from 25 c./s. to 200 Mc./s. The makors 
claim that the accuracy complies with British 
Standard Specification 89 (1937) for first-grade 
moving-coil meters. In order to achieve this accuracy, 
the instrument incorporates a precision moving-:i! 
micro-ammeter with a six-inch finely divided mirror. 
scale and a knife-edge pointer. There are six voltave. 
ranges for both D.c. and a.c. measurements, and, 
while a ‘set zero’ control is included, this seldom 
requires adjustment in practical use. For ».c. 
measurements, the input resistance is 50 megohms ; 
for A.C, measurements, there is no resistive path, 
the input impedance being 5 megohms in paralle! 
with a capacity of 30 or 6 pF., depending on whether 
or not the probe, provided with the instrument, is in 
use. On A.c. the instrument is calibrated in root- 
mean-square voltages, but it is essentially a peak 
voltmeter. Resistances from 500 ohms to 500 
megohms in four overlapping ranges can also be 
measured with the low test potential of one volt. 


Spiders of the West Indies 


Two recent papers by Miss Elizabeth Bryant direct 
attention to the state of our knowledge of the spiders 
of the West Indies. In the first paper (Bull. Mus. 
Comp. Zoo., Harvard, 100, No. 4; 1948) Miss Bryant 
deals with the Museum's collection of spiders from 
Hispaniola, describes 224 species, of which 110 are 
new, and establishes sixteen new genera. The second 
(ibid., 103, No. 3; 1950) deals with the Salticidw of 
Jamaica and includes the collection made by Dr. 
G. W. and Mrs. E. G. Peckham fifty years ago. 
Twenty-six species in sixteen genera, six of which are 
new, are described. These papers, which are the 
result of Miss Bryant’s continuing interest in the 
island fauna of the Caribbean, emphasize the great 
opportunities which await collectors in this area. 


University of Sheffield 

D. K. Rosperts and B. Wilcock have been appointed 
lecturers in mechanical engineering in the University 
of Sheffield. The Museum of the Department of 
Zoology is to be called the Alfred Denny Museum in 
memory of the first professor of zoology, who laid the 
foundations for the Museum as it now stands ; Prof. 
Denny was professor of biology in Firth College, 
University College, Sheffield, and in the University 
during 1884-1908, and professor of zoology during 
1908-25. 


Royal Aeronautical Society : Officers 

TxE following have been appointed officers for 
1950-51 of the Roya) Aeronautical Society : Presi- 
dent, Major G. P. Bulinan ; Past Presidents, Sir John 
S. Buchanan, Dr. H. Roxbee Cox and Sir Frederick 
Handley Page; Vic?-Presidents, 8. Camm, G. R. 
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Edwards and Major F. B. Halford; Honorary 
asurer, C. F. Uwins; Honorary Librarian, J. E. 
Hodgson ; Secretary, Captain J. Laurence Pritchard. 


Lady Tata Memorial Fund : Awards 


Tue following awards for research in blood diseases, 
with special reference to leukemia, to be conducted 
n the places shown during the academic year begin- 
ing on October 1, have been made by the Lady 
(ata Memorial Fund: Grants for research expenses 
and assistance, Prof. J. Bichel (Aarhus), Dr. G. 
Discombe (London), Dr. Astrid Fagraeus and Dr. Bo 
Thorell (Stockholm), Dr. N, G. Harboe (Copenhagen), 
Dr. E. Kelemen (Szeged), Prof. C. Oberling (Paris), 
Dr. Edith Paterson (Manchester), and Dr. G. Schal- 
lock (Minster) ; Scholarships, Dr. P. Atanasiu (Paris) 
and Dr. H. P. L. Febvre (Paris). 


1851 Exhibition Studentship Awards 


THE Royal Commission for the Exhibition of 1851 
has announced the award of senior studentships for 
1950 to the following, for research to be carried out 
at the places stated: Dr. B. R. Brown (organic 
chemistry at the University of Cambridge); A. 
Jobling (physical chemistry at the Imperial College 
of Science and Technology, London); Miss J. C. 
Mott (animal physiology at the University of Oxford) ; 
and Dr. K. Robinson (crystallography at the Univer- 
sity of Cambridge). The awards are of the value of 
£600-650 a year and are ordinarily tenable for two 
years. 


Vacation Course in Meteorology 


A sHORT vacation course in observational and 
synoptic meteorology has been arranged by the 
Council for the Promotion of Field Studies, in 
co-operation with the Royal Meteorological Society, 
and will take place at’ Malham Tarn Fields Centre, 
near Settle, Yorkshire, during September 6-13. 
Malham Tarn is situated on the limestone uplands at 
the head of Airedale in the Yorkshire Pennines, at a 
height of 1,229 ft. and two miles north of the village 
of Malham. The geology of the area is dominated 
by the Craven Fault system, which extends, with a 
downthrow to the south from near Kirkby Lonsdale 
in the west through Ingleton, Settle and Malham to 
Nidderdale in the east, and the fault-line scarp is 
revealed in the magnificent scars of Giggleswick, 
Malham Cove and Gordale. Evidence of glaciation is 
apparent everywhere as moraines, drift, glacial tarns 
and erratic blocks, and the ‘karst’ phenomena of 
limestone country such as underground drainage, 
sundry valleys, swallow holes, potholes, caves and 
limestone pavements can be seen. The vegetation 
offers remarkable opportunities for studying the 
ecology of moorlands, bogs, mountains and limestone 
pavements. The Tarn is a typical calcareous water 
with a rich rooted vegetation showing no special 
feature due to altitude except the bareness of the 
actual shoreline; it is nowhere deeper than 14 ft. 
The ‘Moss’ at the west end of the Tarn has old raised 
bog, fen carr, reed swamp and marsh area, and here 
are many interesting species of plants. The course, 
which is under the direction of James Paton, lecturer 
in meteorology in the University of Edinburgh, is 
designed for school pupils in sixth forms, students, 
teachers and amateur observers, as well as professional 
workers who make use of micro- and macro-climato- 
logical studies ; an slementary knowledge of physics 
will be assumed. The inclusive cost is five guineas. 
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Forms of application (to be returned as soon as 
possible) can be obtained from the Director, Council 
for the Promotion of Field Studies, 10 Exhibition 
Road, London, S8S.W.7. 


Announcements 


THE Rev. P. Teilhard de Chardin, correspondant of 
the Mineralogy Section of the Paris Academy of 
Sciences and director of laboratories at the Ecole des 
Hautes Etudes, has been elected non-resident member 
of the Paris Academy of Sciences in succession to the 
late M. René Maire. 


Mr. L. H. C. Trepert, head of the Mechanical 
Processing Division of the British Cotton Industry 
Research Association, Shirley Institute, Manchester, 
has been awarded the Warner Medal of the Textile 
Institute in recognition of his outstanding work in 
textile science and technology, particularly work 
published in the Journal of the Institute. Mr. Tippett 
will be the fifteenth recipient of the Warner Medal 
since its inauguration in 1930 to perpetuate the 
memory of Sir Frank Warner, for many years an 
enthusiastic worker for the Institute, and president 
during 1918-19. 


Mr. R. E. Burnett has been appointed by 
Marconi’s Wireless Telegraph Co., Ltd., to be manager 
of the Education Department and principal of the 
Marconi College, Chelmsford, Essex. Mr. Burnett, 
who is thirty-five years of age, will be responsible, 
in addition to his other duties, for the recruitment 
of technical personnel at Marconi’s in collaboration 
with the Central Personnel Services of the English 
Electric Group. Mr. Burnett was head of the mathe- 
matics, physics and electrical engineering side of the 
Technical and Scientific Register of the Ministry of 
Labour. 


THE Institute of Industrial Administration has 
recently awarded the travelling scholarship for 1950, 
tenable in the United States, to Mr. H. Aishen, of 
the Merseyside Centre of the Institution. This 
annual scholarship is for study in the United States 
for a minimum period of ten weeks. Mr. Aishen is 
secretary - chief accountant and financial member of 
the Management Committee of the British Extracting 
Co., Ltd., and Lever’s Cattle Foods, Ltd., both 
associates of Lever Bros. and Unilever, Ltd. He 
was awarded the Wilson Medal of the Institute in 
1945. 


THE Giornate Mediche Internazionali will be held 
in Verona during July 20-30. This year the scope of 
the congress has been extended, and a certain number 
of distinguished non-Italian medical men will con- 
tribute to the discussions. All communications 
regarding the congress should be addressed to Prof. 
L. Barchi, Giornate Mediche Internazionali, Pescheria 
Vecchia 6, Verona. 


THE third symposium on plasticity to be held in 
Brown University will take place during September 
8--9, under the auspices of the Graduate Division of 
Applied Mathematics. The two topics for discussion 
will be stress-strain relations, and problems and 
methods in the analysis of structures and continuous 
media. The symposium is open to all interested in 
these fields, and experts both from the United States 
and from other countries will present papers on recent 
experimental and analytical research. Further details 
can be obtained from Prof. D. C. Drucker, Brown 
University, Providence 12, Rhode Island. 
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By Pror. F. LLEWELLYN JONES 
AND 
A. B. PARKER 


Department of Physics, University College of Swansea 


HE purpose of this article is to show that the 

results of recent experiments, carried out at 
University College, Swansea, over a wide range of 
variables, support the view that the development of 
the high-pressure spark can be explained quantita- 
tively by a mechanism of the Townsend type; and 
that there is no ground for a widely accepted view 
that a different form of mechanism is necessary. 

It is generally accepted that the growth of a small 
initial photo-electric current 7, in a gas at low pressure 
p under a uniform electric field Z is well described by 
the Townsend relation':? : 

exp ad 


(e/a) (exp ad — 1)’ (1) 


‘= 6, i 
where ¢ is the current passing between the electrodes 
at a distance d, « is the coefficient of primary ioniza- 
tion by electrons by collision, and @ is a generalized 
coefficient of secondary ionization. @ can involve 
three main processes*, so that, neglecting terms of 
smaller order, 

o=S5+-a+ B, (2) 


where 8 represents electron emission from the cathode 
due to impact of photons (and excited atoms) from 
the electron avalanche, y represents cathode emission 
due to positive ion bombardment, and 8 represents 
ionization of the gas atoms resulting from direct or 
indirect action of positive ions. It will be noted that 
the factors § and y depend on the nature of the 
cathode but that 8 does not: both theory and 
experiments show that w/« and a/p are functions, 
say > and f, of Z/p. 

The parameters Z/p and pd can have values which 
make the denominator of (1) zero, and the physical 
interpretation of this condition is that ¢ can be finite 
even when i, is zero ; that is, a small self-maintained 
current passes without any external source of ioniza- 
tion. The potential V, at which this occurs will be 
called the ‘sparking potential’ (this potential is not 
necessarily the same as that at which a high ‘short- 
circuit’ current passes, or that at which intense 
luminosity develops, although this is sometimes 
erroneously assumed in the literature). The sparking 
condition giving V; in terms of pd is 

0 = 1 — 9 (Vs/pd) { exp f (V;/pd) pd — 1}, (3) 
and is in accord with experimental results':?}* when 
pd is less than about 200 cm. mm. of mercury and 
Z/p is more than about 100 V./em./mm. mercury. 
Although the relative importance, in any given case, 
of the factors y, 3, 8, is not known with certainty, 
x and » can be found experimentally as follows. 
When d is small compared with the sparking distance, 
equation (1) shows that for constant p, Z and 4, in 
polyatomic gases for which w/« is small, 


log t/t, = ad, 
go that the slope of the log i/i, versus d graph gives «. 
As d approaches the sparking distance, the graph 
departs from linearity by sloping upward in accord- 
ance with (1), and the value of w may then be 
calculated. 


It will be noted, however, that if w were 





zero no such curvature would occur for any value 
of d. 

During the past twenty years it has been widely 
assumed® that the probability of ionizing gas atoms 
by collisions with their own positive ions is negligible 
at values of Z/p and pd obtaining at spark break. 
down. This view was primarily based upon classical] 
momentum considerations and some low-pressure 
experiments with alkali ions, but in fact very little 
is known about such collisions. When the §8-effect is 
neglected, explanation of the secondary ionization 
has usually been sought in terms of 5 and y onl) 

Although the spark mechanism outlined above is in 
accord with experiment when Z/p is greater than 
100 and pd is less than 200, it is when applied to the 
explanation of spark breakdown at high values of 
pd greater than 200 that difficulties arise. Under 
these conditions, Z/p is low (for a l-cm. spark in the 
atmosphere Z/p is about 41-6 and pd is 760), anc it 
is usually considered that the §-effect is zero’, 
Further, no definite evidence has been recorded to 
indicate any influence due to the cathode in the high. 
pressure spark, and this has been taken to indicate 
that under these conditions the $- and - -effects are 
also negligible’ ; but it should be noted that it can 
be deduced from (1) that any electrode-dependent 
mechanism would, in fact, have negligible effect on I’, 
at high values of pd, and this is confirmed experi- 
mentally‘. However, the extremely short spark- 
formative time-lags of approximately 10° sec. 
recorded on the impulse breakdown of long over- 
volted gaps are such as to preclude any motion of 
positive ions across the gap to bombard the cathode ; 
and in cases of highly over-volted gaps even the 
electrons cannot cross the gap in the time available’. 
However, one of the strongest reasons previously 
urged® for neglecting the existence of any of the 
secondary processes w at high values of pd is that no 
curvature has been exhibited by the log ¢/i, versus d 
graphs up to the maximum values of pd which have 
been examined at the various values of Z/p. 

The problem of the spark in air at atmospheric 
pressure is of considerable theoretical and practical 
interest, and the corresponding region of Z/p has 
consequently received considerable attention in 
experimental investigations of the growth of currents 
at high pd. Masch’, Hochberg and Sandberg’, and 
Sanders’, have all measured the growth of photo- 
electric currents in uniform fields, and in each case 
the graph of log t/t, versus d was linear, showing no 
curvature which would have indicated secondary 
ionization. Paavola’® did obtain a non-linear curve; 
but this has been shown" to be a space-charge 
effect due to the high values of initial current (~ 10°" 
amp.) employed. In these experiments a spark 
passed before the graphs curved. The interpretation 
of these results as indicating that, at high values of 
pd (probably greater than 200), sparks can occur 
without the influence of any w process was one of the 
main factors which led to the wide adoption of a 
streamer theory of sparking’*-*:*!* in place of the 
Townsend mechanism. In this streamer theory of 
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avalanche propagation, secondary electrons are 
generated in the gap by photo-ionization due to 
photons produced in the electron avalanche or posi- 
B tive ion streamer; such new electrons can initiate 


new avalanches even at points remote from the source 
of photons, thus producing extremely rapid effective 
propagation of the avalanche across the gap, so that 
formative time-lags of about 10-* sec. become feasible. 

lhere are, however, important aspects of this view 
which merit further consideration. The streamer 
theory in its present state is not quantitative, and to 
predict a value of the sparking potential in air an 
empirical assumption has to be made*. Again, little 
established evidence has been recorded concerning 
the magnitude of the proposed photo-ionization 
effect, and it is not clear that the process would act 
in the manner suggested’*. The Townsend mech- 
anism can require long times of about 10~* sec. for 
the formative lag under conditions of static break- 
down represented by (3), but there is no conclusive 
experimental evidence to indicate whether or not 
this is the case'-15.4* ; most previous work on spark 
lags has been done with greatly over-volted gaps for 
which condition (3) does not apply. Consequently, 
it is necessary to examine closely published data on 
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the growth of currents which appeared to show that 
no secondary ionization existed at high values of pd, 
in order to find whether, if a secondary effect did in 
fact exist, the particular measurements carried out 
would have disclosed it. 

Since Z/p, pd and «/p are known for a wide range 
of sparking conditions, it is possible to calculate 
values of w which satisfy (3), and the values thus 
obtained are very small (~ 10-*) when pd is high in 
air. Thus, if the curvature of the log i/i, versus d 
graph is to exceed the experimental error, then pd 
must be large enough to make the factor (@/«) (exp 
xd — 1) significant. Examination of published results 
indicates that this was not done, the experimental 
measurements having been limited to the range of 
pd for which the log i/i, graph was linear within the 
experimental error. Calculation shows that if the 
growth of photo-electric currents in air is to be 
measured in order to find the law of growth in the 
region where Z/p ~ 41-6, then distances must be 
used which are within 20 per cent of the sparking 
distance ; @ range for which there are no published 
data. To do this, certain experimental conditions 
must be fulfilled. Gas pressure, electrode distances 
and gap voltages must be measured to high accuracy : 
measurement of i in the range 10-'*-10-* amp. at 
high values of pd requires the use of very steady 
high potentials. An ionization chamber capable of 
operating at 100 kV. with electrode separations up 
to 5 cm. has been designed and built in our labora- 
tory, and with it the growth of small initial photo- 
electric currents i, (~ 10-'* amp.) in air has been 
examined over a range of Z/p from 39 to 45 at a 
pressure of 200 mm. mercury for values of pd up to 
about 760, thus including the parameter values for 
& l-cm. spark in the atmosphere. A photograph of 
this apparatus has appeared elsewhere’’. A typical 
set of results is given in the accompanying curves as 
graphs of log i versus d for 1, = 6-0 x 10-'* amp. 

The curves show that for distances up to about 
1-25 em. the relation between log i and d was linear 
for all values of Z/p from 40 to 45. For larger values 
of d the curves departed from linearity, indicating 
measurable values of w/«. Observations were made 
as close as possible to the sparking distance, but in 
no case was a spark obtained before the curve indi- 
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cated the presence of an «-process. The values of 
«/« found from the graphs were of the order 10-° for 
the nickel electrode, and they increased with Z/p ; 
further, these values, together with the corresponding 
values of x obtained from the slope of the linear 
portions of the graphs, when substituted in equation 
(3), gave theoretical values of V; which within experi- 
mental error were exactly the same as those measured 
during these experiments in the range 10-30 kV. The 
curves can be represented by equation (1) for values 
of d up to within 4 per cent of the spark distance (V 
within 0-4 per cent of V;) for values of the para- 
meters Z/p and pd corresponding to a spark in the 
atmosphere. Thus there was no evidence that the 
Townsend type of mechanism is inadequate for these 
conditions. 

The linearity of the previously published graphs 
has been generally interpreted®:’*.* as indicating 
inactivity of the positive ions at these low values of 
Z/p; the cause of the sparks obtained was considered 
to be obscure. It is now found, however, that when 
* is measured up to within a few per cent of the 
sparking distances, distinct curvature of the log ¢ 
graph is revealed ; this is in agreement with the o 
interpretation. 

By observing the effects of the cathode surface on 
the values of both i, and i, some indication has been 
obtained of the nature of these secondary processes 
in the present work. It appears that in pre-breakdown 
ionization-currents in uniform fields, the - -effect plays 
an important part even at electrode separations up 
to 3-7 cm. at 200 mm. mercury pressure, while the 
5-process is relatively unimportant. For the positive 
point and corona discharges, however, it is difficult 
to see how any cathode ionization due to the impact 
of positive ions could be significant; hence, a B- 
process must then become important. From an 
examination of corona discharge results, Medicus’ 
has recently concluded that such an effective £- 
process must be significant in discharges in non- 
uniform fields in diatomic gases: this is in accord 
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with experimental data on the action of positive ions 
in a diatomic gas (hydrogen) in a uniform field". 

It is hoped to publish elsewhere fuller results and 
discussion of the present experiments. We wish to 
acknowledge the assistance of Mr. J. Dutton in 
making observations. 
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COAL TAR RESEARCH 
ASSOCIATION 


NEW RESEARCH STATION AT GOMERSAL 


HE new Research Station of the Coal Tar 

Research Association was formally opened by 
the Right Hon. Sir John Anderson on May 12 in the 
presence of some seventy guests representing the tar 
producing and distilling industries, the Department 
of Scientific and Industrial Research, interested 
academic institutes, other research associations and 
the technical and newspaper Press. 

The opening ceremony took the form of the 
symbolic act of lighting a bunsen burner; before 
this, however, in commenting on the introductory 
remarks of the Association’s president, Dr. E. V. 
Evans, that it might seem strange that an industry 
of the national importance of the coal tar industry 
should only in recent times have founded a central 
research association, Sir John offered a historical 
explanation. The coal tar industry, he pointed out, 
was a traditional industry in which skill and know- 
ledge were handed down from generation to generation 
and which served the country well until, with the 
intensification of foreign competition and the growth 
of new industries based on the direct application of 
new scientific discoveries, the economic circumstances 
changed early in the present century. Such traditional 
industries are having more and more to equip them- 
selves scientifically and to introduce scientific methods 
into their operations. Sir John felt that the coal tar 
industry—which had served the country well in the 
past—would serve the country even better in the 
future when it had the organising and co-ordinating 
service of the Research Association behind it. 

After the ceremony the guests inspected the 
Research Station. This is a converted mill 
situated at Gomersal, about nine miles from Leeds. 
The buildings consist of a one-story stone structure 
of 24,500 sq. ft. floor area and an adjoining two- 
story brick building of 7,000 sq. ft. floor area. The 
upper story of the latter has been divided into eight 
offices, the library, a conference room, dining hall 
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and kitchen, and the lower story houses the stores 
and glassblower’s workshop. To these will be a:ided 
&@ reception room and a first-aid room. 14,500 sq. ft. 
of the main single-story building has been divided 
by glazed partitions into six main laboratories, two 
smaller laboratories, a fully equipped machine too} 
shop, a reinforced autoclave room, a balance room 
and offices for the research section leaders. 

Since in the early stages of the Association’s life 
the greater part of the work is likely to be on a 
laboratory scale, the main laboratories, with the 
exception of the catalytic laboratory and the semi- 
technical laboratory, have been furnished in more or 
less conventional fashion with teak-topped benches, 
oak-block flooring and fluorescent lighting. Every 
laboratory has several fume-cupboards, each operated 
by a separate fan. In the catalytic and semi-technical 
laboratories the services terminate at selected points 
on the walls, around which the various plant can be 
built ; in these laboratories flame-proof lighting and 
switch gear have been installed. The services installed 
in the laboratories are restricted to gas, water, elec. 
tricity and 60-Ib./sq. in. steam. Vacuum, compressed 
air and low-voltage D.c. current can be supplied at 
any desired point by portable pumps, compressors 
or generators. 

Although the Association was not incorporated 
until February 1949, conversion of the premises 
commenced in that month and was completed by 
the end of the year. The cost of conversion and of 
the initial equipment was met from the income of 
the Association’s first year. At present the establish. 
ment numbers sixty, including eighteen graduate 
chemists and twenty-one assistant chemists; the 
director is Dr. D. McNeil. 

During their tour of the laboratories, guests saw 
many exhibits illustrating the processes carried out 
by the tar-distilling industry and the problems which 
the industry faces. In the development laboratory 
models of the different types of tar stills at present 
used were shown, and the diverse results obtained 
using such plant on different tars were illustrated. 
This provided the background for the Association's 
research programme of comparative tar assays 
designed to give more quantitative information about 
the chemical composition of coal tar and the effects 
of carbonization and distillation conditions thereon. 
A number of exhibits illustrated the two major 
problems encountered in industrial primary distil- 
lation, namely, corrosion and carbon deposition, and 
the work at present being carried out at Gomersal 
on these subjects was outlined. 

In the organic laboratory an extensive collection 
of specimens of the industrial components identified 
in, or isolated from, coal tar was displayed, together 
with specimens of plastics, dyestuffs, drugs, etc., 
derived from them ; also shown were the derivatives 
so far prepared as part of the Association's research 
projects on the utilization of fluorene, phenanthrene 
and pitch oils. It was, however, strongly emphasized 
that the commercially pure products of coal tar 
refining used as intermediates in the chemical and 
allied industries make up only 10-15 per cent of the 
total products, and that it is a paramount necessity 
for the industry to foster the present outlets and to 
devise new outlets for the bulk products—pitch and 
creosote. 

The preparation of catalysts, apparatus for the 
study of fluidized and solid-bed catalytic cracking of 
creosote, for the vapour- and liquid-phase catalytic 
oxidation of creosote fractions and for the carbon- 
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ization of pitch were demonstrated in the catalytic 
laboratory, while in the physical laboratory the 
exhibits illustrated work on the separation of the 
aromatic and non-aromatic fractions of creosote by 
selective adsorption on silica gel and by solvent 
extraction. Other exhibits in this laboratory con- 
cerned the study of the colloid structure of tar and 
the separation and utilization of tar resins. A com- 
prehensive range of instruments for determining the 
physical properties of tars and pitch was shown 
partly in the physical laboratory and partly in the 
analytical laboratory, which also contained examples 
of semi-micro methods for elementary and gas 
analyses and for molecular-weight determinations. 
Perhaps the most interesting and impressive equip- 
ment displayed was the battery of automatic high- 
efficiency fractionation columns. Two of these units 
have efficiencies in excess of eighty theoretical plates, 
while the remainder are rated at fifty plates. All 
controls are automatic in operation, enabling the 
columns to operate with the minimum of supervision. 
In his concluding remarks at a reception held after 
the inspection of the Station, Mr. R. B. Robinson, 
the chairman of the Association, made a strong 
appeal to members of the Association to interest 
themselves in the work and to make use of the 
facilities of their research organisation. Membership 
involves greater obligations than merely paying & 
subscription. It entails an active partnership and a 
lively interest in the work of the Association ; with- 
out this the Association cannot hope to make its full 
contribution to the welfare of the industry. 





MARINE ENGINEERING TURBINE 
RESEARCH 


INSPECTION OF THE PAMETRADA RESEARCH 
STATION AT WALLSEND 


N May 26, to mark the occasion of the com- 
pletion of its first five years of work on marine 
engineering turbine research, the Pametrada Research 
Station at Wallsend, on the River Tyne, was open 
for inspection by invited guests and representatives 
of the Press. The word ‘Pametrada’ is an abbreviation 
for the Parsons and Marine Engineering Turbine 
Research and Development Association, which owns 
and operates the research station. The Association 
was formed in May 1944 by a collective effort of 
British shipbuilding and marine-engineering firms to 
continue the research work on marine turbines 
initiated by the late Sir Charles Parsons before the 
beginning of this century. The Research Station is 
equally concerned with both steam turbines and gas 
turbines for marine propulsion, and during the visit 
examples of each were on view undergoing full-scale 
trials on the test bed. Never before have such large- 
seale facilities been available in Great Britain for 
testing marine turbines and gearing at full load. 
The steam turbine on view was a prototype of the 
Daring Class 1A propelling machinery for the 
Admiralty and was coupled to a large hydraulic 
brake capable of absorbing 60,000 shaft horse-power 
at 150 r.p.m. The Daring boiler and a Frigate boiler 
were also to be seen in a specially designed boiler- 
house which can itself be subjected to a pressure 
slightly above atmospheric in order to simulate 
working conditions in certain types of ship. The 
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centre of interest was, however, the 3,500-h.p. marine 
gas turbine which was also in the turbine test-house 
and coupled to a dynamatic brake. 

The visitors were shown around various buildings 
at the Research Station, the testing of sprayers for 
gas turbines, torque-meter calibrating equipment, 
gear-pitch comparators for very large gears, and a 
wide variety of testing equipment and apparatus in 
the Electronics Laboratory, Applied Physics Labor- 
atory and Chemical and Metallurgical Laboratories. 

This display of up-to-date equipment for engineer- 
ing research was demonstrated by members of the 
staff, which now numbers nearly two hundred. It is 
a tribute to the director of research, Dr. T. W. F. 
Brown, that, not only has he assembled this staff 
and equipment and housed them in new buildings 
during the difficult post-war period, but at the same 
time has also pressed forward with turbine designs for 
more than sixty-five installations that have been 
built or are now under construction; and in the 
process, a large number of patents have been granted 
to the Association, and many technical reports have 
been issued to the member firms. 

A most unusual feature of the Association is that 
the results of its work are disseminated not only in 
the form of reports of research investigations but 
also as preliminary designs of propelling machinery, 
which are sent out to the member firms in response 
to specific inquiries. The designs vary considerably 
according to type of service for which the vessel is 
required. The Association has also served its member 
firms by investigating occasional defects in machinery 
such as turbine blade vibrations, a hitherto intract- 
able subject, to which it has already contributed new 
knowledge and new apparatus. A wave analyser and 
a wave correlator developed at the Research Station 
have proved singularly successful for vibration 
diagnosis in marine geared turbines and in studying 
the origin and suppression of noises in turbine 
machinery. 

Some preliminary designs for marine gas turbines 
have been prepared for member firms, and a small 
experimental unit has been designed for Messrs. John 
Brown and Co., Ltd., of Clydebank, where it has 
already run for a thousand hours. Many other 
designs have been worked out for naval vessels, in 
addition to the detailed design of the Association’s 
3,500-h.p. marine gas turbine which was seen run- 
ning on the test bed at Wallsend. The latter is of 
the open-cycle type with series flow from the high- 
pressure turbine which drives the two axial-flow 
compressors to the low-pressure power turbine which 
drives the ship’s propeller. The two turbines are 
mechanically independent. An exhaust _heat- 
exchanger is provided and also intercooling between 
the two compressors. The installation has been 
assembled on the test bed in a manner conforming 
to the restricted space available in a ship’s hull, so 
that any problems of loading and differential expan- 
sion which may be met at sea are likely to be 
experienced on the test bed. The present machine 
has been designed for a turbine inlet temperature of 
1,200° F. (650° C.), which is limited by the creep 
strength of the best turbine-blade materials available 
for the period of service required in a marine instal- 
lation. After extensive trials of this gas turbine unit 
at the Pametrada Research Station at Wallsend, it 
is to be installed in a merchant ship for trials at sea. 

Elaborate and extensive instrumentation has been 
provided for analysing performances of marine 
turbine machinery on the test bed and seems justified 


































































964 


for the understanding of the complexities of research 
into this particular form of applied science. Analysis 
of the results must be the work of specialists rather 
than the patient calculation of a single individual as 
it was in the pioneer days of Sir Charles Parsons. 
Furthermore, whole groups of firms are co-operating 
nowadays in research which has as its object the 
maintenance of the supremacy of Great Britain in 
marine engineering. 


MEDICINE IN 1850 


NEW exhibition of “‘Medicine in 1850" was 

opened at the Wellcome Historical Medical 
Museum, 28 Portman Square, London, W.1, on 
May 30. There was present a distinguished company 
of about seventy guests. The address at the opening 
ceremony was given by Prof. Henry E. Sigerist, until 
recently professor of the history of medicine and 
director of the Institute of the History of Medicine 
at Johns Hopkins University, Baltimore. In intro- 
ducing Prof. Sigerist, the director of the Museum, Dr. 
Ashworth Underwood, mentioned that the exhibition 
had been planned to give an indication of the state 
of medicine and the medical sciences in the mid- 
years of the nineteenth century, a departure point 
from which so much had happened in the last hundred 
years. Prof. Sigerist in his address said that he had 
known the work of the Museum for many years, and 
had visited it on many occasions. He remarked that 
the Museum and its library constitute the greatest 
institution of this type anywhere in the world. He 
said that he expressed this conviction not only as a 
result of his experience in the teaching of the history 
of medicine at Leipzig and at Baltimore, but also 
from his wide travels all over the world. Prof. 
Sigerist also emphasized the fact that while important 
old books tend on the whole to be preserved some- 
where, there is every likelihood that instruments and 
appliances will be used for other purposes. The great 
national museums of various countries have only 
a few such objects, whereas the Wellcome Museum 
has a rich store of all instruments and appliances of 
that kind. With its library it is a unique institution 
for research and educational purposes. Prof. Sigerist 
referred fittingly to the exhibits in the present 
exhibition, and said that it would be a source of 
inspiration and instruction not only to scholars and 
medical men, but also to all groups of the public 
from the child to the lay adult. He congratulated 
Dr. Underwood and his colleagues on a fine per- 
formance. Lord Webb-Johnson, a former president 
of the Royal College of Surgeons, and Mr. L. C. 
Bullock, deputy chairman of the Wellcome Trustees, 
also spoke. 

The new exhibition is set up in the ground-floor 
galleries of the Museum. It deals first with the basic 
sciences (physics, chemistry, biology, anatomy and 
embryology, physiology and pathology), and then 
covers the history of the introduction of diagnostic 
instruments, such as the stethoscope, laryngoscope, 
and clinical thermometer. There follows then a large 
section devoted to clinical medicine, with special 
emphasis on diseases of the heart, circulation, duct- 
less glands, and nervous diseases. This section is 
succeeded by exhibits on pharmacology and special- 
ized methods of treatment. The final sections deal 


with the history of infectious diseases and public 
health. 





NATURE 





June 17, 1950 veo 


In the field of the basic sciences, reference is nade 

in the section on physics to the work of the creat 
pioneers of the early nineteenth century, ard aniong 
the exhibits is an original voltaic pile, probably :iseq 
by Volta himself. The section on chemistry deals 
with the period when Dalton, Berzelius and Avogadro 
had already laid the modern foundations of inorganic 
chemistry, and organic chemistry, following on the 
eventful work of Wéhler, had been progressing under 
the guidance of Chevreul and Gerhardt. There are 
shown a number of original specimens prepared and 
labelled by Chevreul, and other original exhibits, 
Both in organic chemistry and physiological chemistry 
Justus von Liebig, of Giessen, was one of the great 
pioneers. In the chemical laboratory of to-day he is 
still remembered for his condenser and his com. 
bustion tube, and his ““Animai Chemistry” was the 
first original treatise on physiological chemisiry, 
Liebig was a very good subject for the portrait 
painter, and in this exhibition is shown a fine portrait 
of Liebig at the age of forty-two; the picture, which 
is signed and dated 1845, is by C. F. W. Trautschold, 
and is obviously painted by him. 

The section on biology covers the period when 
Cuvier’s influence, though still paramount at first, 
was beginning to be merged in that of rising leaders 
There is a fine case of preparations of the parts of 
the ear of a horse, prepared and labelled by Cuvier 
himself. Also shown are some of the works of a great 
pioneer of protozoology—C. G. Ehrenberg—in the 
form of three of the magnificent plates (of Ameba, 
Paramecium, and certain bacteria) from his work on 
the Infusoria. Art lovers will also be interested in 
the two etchings by P. A. Rajon after the portrait 
of Darwin by Ouless. The first state of the etching 
is @ specially interesting and vigorous work. 

The physiological section is large and can be dealt 
with here only briefly. Very interesting is some of 
the original apparatus made and used by Galvani, 
whose influence in 1850 was extending rapidly as a 
result of the work of Duchenne of Boulogne, Du Bois 
Reymond and others. In the sphere of the circulation, 
especially important work was done by Chauveau 
and Marey, together and independently. Their 
apparatus for charting automatically the action of 
the heart and the large blood vessels is dealt with 
fully, and there is also shown a fine commemorative 
plaque to Chauveau. Claude Bernard, Bowman, 
Lord Lister and others are also dealt with under this 
heading. The anatomical section is notable for some 
fine models of the brain and other parts. To be noted 
also is the first edition of Giay’s “Anatomy”, pub 
lished in 1858. Many of the plates in this work are 
practically unchanged, even in the most recent (the 
thirtieth) edition. 

In the section on the microscope and histology, 
there is a fine series of eight original daguerreotype 
photomicrographs made for Donné’s “Atlas” in 1844 
by Léon Foucault. These daguerreotypes are in a 
remarkable state of preservation, and it is good to 
know that they are safely preserved in the Wellcome 
Museum. In the section on pathology three very 
notable exhibits are the works by Hope (1834), Sir 
Robert Carswell (1838) of University College, London, 
and Jean Cruveilhier (1829-42). The latter is cer- 
tainly one of the most sumptuous of all illustrated 
medical books. 

The section on the stethoscope gives an excellent 
review of the development of this instrument, and 
one of the exhibits is an original Laénnec stethoscope, 
presented by Laénnec himself to a friend. The history 
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of the clinical thermometer is dealt with in an 
illuminating way, and the instruments of Hunter, 
Aitken and Allbutt are specially noteworthy. 

The great medical classics of the period are shown 
in the section on clinical medicine, including the 
works of Addison and Bright. Also shown are some 
of the original series of coloured prints of pathological 
subjects made for Bright’s great work. There is a 
fine commemorative plaque to Charcot, and some 
original apparatus used by Duchenne. 


Space does not permit of further descriptions of 


individual items, but it may be said that the section 
on blood-letting will repay careful study, and that 
the section on blood-transfusion lays due emphasis 
on the work of Blundell and of Aveling. The exhibits 
dealing with infectious diseases include the pioneer 
works of Stewart, Murchison, Snow and others ; and 


the section on public health exhibits a number of 


searce prints illustrative of the hygienic conditions 
of the time. 

This fine exhibition is full of interest and instruction 
for the scientific worker and layman alike, and the 
staff of the Museum are to be congratulated on the 
results. A full descriptive and _ bibliographical 
catalogue has just been published by the Oxford 
University Press*, and is obtainable at the Museum 
or from the Press. 


* Catalogue of an Exhibition illustrating Medicine in 1850. Pub 
lished for the Trustees of the Wellcome Historical Medical Museum 
Pp. 64. (Oxford University Press, 1950.) 3s. net. 


RESEARCH IN THE UNIVERSITY 
OF BIRMINGHAM 


ANNUAL REPORT FOR 1948-49 


’T“HE twentieth annual report of the Joint Standing 

Committee for Research of the University of 
Birmingham covers the session 1948-49*, and the 
summaries included under the departmental sections 
give a comprehensive survey of progress made in the 
various fields during the year. To these summaries 
are appended departmental lists of papers published 
during the year and of titles of theses approved for 
higher degrees. Only publications which can properly 
be regarded as contributions to original knowledge 
are included. 

In the Department of Physics the most ambitious 
undertaking was the construction of a synchrotron 
for the acceleration of protons to energies correspond- 
ing to about 1,200,000 volts; good progress was 
made in this undertaking. The cyclotron was out 
of operation for alterations during much of the 
year. The research programme benefited greatly 
from the arrangements made for universities to obtain 
radioactive materials and electronic equipment from 
government sources. In the Department of Chemistry 
the balance of work between the physical and the 
organic side was much more even, much of the former 
being concerned with the chemistry of synthetic 
high-polymers and of the latter with the chemistry 
of natural high-polymers such as cellulose and starch. 
Work on synthetic high polymers comprised the 
investigation of the mechanism of synthesis with the 
view of putting the whole matter on a sound quanti- 
tative and absolute basis. Further researches were 

* University of Birmingham: Joint Standing Committee for 


Research. Twentieth Annual Report, Session 1948-49. Pp. 81. 
(Birmingham : The University, 1950.) 
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carried out to elucidate the mechanism of hetero- 
geneous processes such as the thermal decomposition 
of crystals of nickel formate, and work on the 
determination of molecular structure by X-ray 
diffraction continued, as well as on the new organic 
fluorine compounds. Help was given to the develop- 
ment of dextrose blood-plasma substitute, the group 
working on chemistry in relation to tuberculosis 
continued work on the separation of nucleic acid and 
carbohydrate components from cells which might 
have a preventive action against the disease, and a 
vigorous section was established for research on 
analytical chemistry. 

Work continued in the Department of Zoology 
on the mechanism of transplantation immunity in 
animals, and further support for the hypothesis that 
certain virus-like cytoplasmic factors may be of 
endogenous origin was obtained from immunological 
and other studies on ‘infective’ agents responsible for 
natural skin coloration in mammals. A study of 
wound healing was commenced and work completed 
on the differential host preferences of the hymen- 
opterous insect Cephalonomia. In the Department of 
Botany research on salt relations of plant cells 
indicated that the antagonism between ions in their 
absorption concerns both phases in absorption. 
Symptoms similar to those resulting from ion 
deficiency noted on land treated with sewage sludge 
contaminated with industrial waste were attributed 
to toxicity due to heavy metals, and the effects of 
cobalt, nickel, lead and manganese on the growth of 
tomatoes were investigated. Studies of the effect of 
soil conditions on the development of red-core disease 
of strawberries continued, while the Department of 
Genetics tested statistical méthods devised for 
analysing continuous variation on the inheritance of 
flowering-time and plant-height in Nicotiana rustica. 
Investigations of the progress of inbreeding were 
started in Drosophila and rye. 

The Department of Geology carried out work on 
natural and artificial glasses, with special reference 
to atomic packing, and considerable progress was 
reported in the design and construction of apparatus 
for work at temperatures up to 750° C. and pressures 
of 1,000 atmospheres. In the Department of Mech- 
anical Engineering research activities centred mainly 
on the investigation and application of the pressure- 
wave phenomena which result from the sudden 
release of compressed gas, for example, from an 
engine cylinder, while in the Department of Civil 
Engineering two fundamental studies were made on 
the use of light alloys for large structures. Moment 
distribution methods for complex frames and space 
frames and the development of the beam-line method 
for solving problems on elastic and non-elastic frames 
were also studied. In the Department of Electrical 
Engineering several investigations on control systems, 
especially closed-sequence or servo-system type, were 
in progress, including contributions to theory, 
analysis and testing and the development of new 
devices. Earlier work on the mutual interference of 
radio waves in the ionosphere was being continued. 

Research in the Department of Chemical Engineer- 
ing was concerned mainly with liquid-vapour equi- 
libria and their application to extractive distillation, 
combustion of hydrocarbons, chemical composition 
of coal tar, preparation and reactions of hydrocarbons 
and the diffusional factors concerned in mixing ; 
also, work was started on pressure—volume—tempera- 
ture relations of hydrocarbons under critical condi- 
tions, chemical compounds containing inorganic 
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elements presen. in petroleum, the rate of evaporation 
of solvents from petrol soap gels and the products 
formed in the pre-flame combustion of fuels in the 
pressure-ignition engine. The School of Malting and 
Brewing and the Department of Industrial Fer- 
mentation were concerned mainly with the nutritional 
requirements of fermentation micro-organisms and the 
action of the amylases. The Department of Physical 
and Theoretical Metallurgy extended its work on the 
theory of the constitution of alloys and of the 
deformation of metals and alloys. The electrical 
properties of cold-worked iron during strain-ageing 
were examined, and the X-Ray Laboratory extended 
work on a technique for studying the structure of 
cold-worked metals and of martensite. The Depart- 
ment of Industrial Metallurgy inaugurated a pro- 
gramme of work on the non-homogeneous deformation 
of metals during rolling; and the welding of 
aluminium alloys, the nature and effect of hydrogen 
absorption on the properties of spring steels, and 
nucleation and its effect on the cast structure of 
alloys were also studied. Work in the Department 
of Mining covered the chemical constitution of coal, 
low-temperature atmospheric oxidation of coal, 
factors influencing the properties of suspensions of 
solids in fluids and froth flotation of chromite. 

In the Faculty of Medicine, the research activities 
of the Department of Anatomy were concerned with 
the hormonal control of reproduction, experimental 
embryology, the inter-relation of hormonal and 
neural factors in physical and behavioural men- 
struation, studies of growth and body proportions, 
and analysis of cranial and dental characters of 
monkeys and apes. The Department of Physiology 
studied the factors concerned in the maximal rate of 
secretion of p-aminohippuric acid by the kidney, 
visual contrast, folic acid deficiency, the role of 
progesterone in the mechanisms of pelvic relaxation 
in the mouse, metabolism of sulphonamides and the 
constitution of blood-group substances. Numerous 
investigations in the Department of Bacteriology 
included the cytology of bacteria, chemotherapy of 
tuberculosis and actinobacillosis of cattle. The 
Department of Pharmacology and Therapeutics was 
engaged in research on the main factors which 
determine the rate and extent of lipolysis, emulsion 
systems for intravenous use, lipoprotein structure 
and the central nervous system, and devised a new 
method for testing substances with anthelmintic 
activity, using the liver fluke. 


NEW ZEALAND FOREST SERVICE 
ANNUAL REPORT FOR 1948-49 


NDER the heading ‘‘Forest Policy” in the annual 
report for the year ending March 1949 of the 
director of forestry of the New Zealand State Forest 
Service*, it is announced that the decision has been 
taken by the Government of New Zealand, after a 
quarter of a century of planning and research work, 
to establish a saw mill and a pulp and paper mill at 
Murupara, on the Rangitaiki River in the Rotorua 
Forest Conservancy—the first of its type in the 
Dominion. It is stated that only by the establishment 
of such a combination of saw mill and pulp and paper 
plant can exploitation of the enormous Kaingaroa 
*New Zealand State Forest Service. Annual Report of the easter 
yeLtington 


of Forestry for the Year ended 31st March, 1949. Pp. 86. (W 
Government Printer, 1949.) 1s. 9d. 
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State Forest, representing an expenditure of se era] 
million pounds, be justified. “It must be realized,” 
says the director, “that as a saw-log development 
alone, the Kaingaroa State Forest could not very 
well be poorer, largely due to the trees having beep 
planted too widely apart and left without any 
sylvicultural treatment in the interim.” Therefore, 
the only way in which large saw-log production could 
be justified was by having an associated pulp and 
paper plant to absorb both the small-diameter and 
the rough knotty logs which cannot be converted 
into sawn timber at a profit. 

References have been made in Nature duriny the 
past twenty years to the great conifer-planting 
schemes which were commenced during the closing 
years of the past century. The planting of conifers, of 
which Pinus insignis was the first chosen, was com. 
menced by the Forest Department and afterw — 
taken up as a commercial proposition by private 
panies, the latter confining themselves almost ent oe 
to the latter. Owing to the risks from pests and later 
the necessity of knowing the quality of the material 
being produced by this enormous area of artificially 
grown exotic conifers, research work was undertaken. 
“By 1928,” says the report, “it had been proved, 
through the extensive tests both on the experimental 
scale at the famous Madison Forest Products Labora. 
tory and on a commercial scale at the mills of the Con. 
solidated Pulp and Paper Co. at Wisconsin Rapids, 
Wisconsin, that insignis pine and other exotic soft- 
woods could be used for newsprint, kraft and other 
papers. Kaingaroa State Forest was extended to 
provide an ample supply of pulp-wood as well as of 
saw-logs, etc., and ever increasing proportions of 
species other than insignis pine were used for this 
purpose.” ’ 

This State forest policy was thus in strong contrast 
to that of the forest companies, which concentrated 
largely on the planting of the insignis for pulp and 
paper production alone. The State Forest Service 
had taken as its model the Scandinavian policy, 
which had, of course, arisen from having at the start 
large areas of virgin forest as a basis to establish the 
utilization and exploitation policy, namely, that an 
economic pulp and paper industry is only practicable 
as a supplementary activity to the utilization of saw 
logs ‘‘which probably for all time will remain the 
most important and basic product of the forest”. To 
this latter statement there are, of course, considerable 
reservations in other parts of the world. 

The New Zealand State Forest Service owes its 
present position in this matter to the late Mr. William 
Adamson, the technical director of Walmsleys, Ltd., 
Bury, England, who visited the Dominion in 1925. 
After examining the existing coniferous areas, trans- 
port problems and so forth, he made certain recom- 
mendations, the most important of which was that 
no pulp and paper plant should be established until 
@ unit of economic size, as judged by world standards, 
could be justified both by continuity of wood sup- 
plies and adequacy of demand. Small plants cannot 
be developed on an economic basis. Not only has 
Mr. Adamson been responsible for the supply of 
paper machines to many parts of the world, but he 
has also been associated with the designing and 
building of some of the most famous pulp and paper 
plants in the world, including the enormous Coner- 
brook operation of Bowaters, Ltd., in Newfoundland. 
His greatest monument will rest upon the work he 
did for New Zealand, upon which this conception of 
a forest policy is based. 
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LETTERS TO THE EDITORS 


Editors do not hold themselves responsible 


r opinions expressed by their correspondents. 
\0 notice is taken of anonymous communications 





An Apparatus for Counting Small 
Particles in Random Distribution, with 
Special Reference to Red Blood- 
Corpuscles 


[ue advances which have been made in the 
measurement of hemoglobin concentration have 
been largely offset from the clinical point of view by 
the continued inaccuracy of the red cell count. 
Hxmoglobin concentration can be estimated by 
quite simple apparatus with results that have a 
coefficient of variation of less than 3 per cent', whereas 
the corresponding figure for red-cell counting is about 
9 per cent*. 

The error of red cell counting is made up of three 
components: (1) the diluting error, including the 
error due to wrongly dimensioned apparatus ; (2) the 
unavoidable error due to the Poisson distribution of 
the cells in the counting chamber, which is a function 
of the square root of the number of cells counted ; and 
(3) the error due to the human element. 

An automatic counting apparatus could reduce the 
error due to (2) by counting a much larger number 
of cells than can conveniently be counted by eye 
and by eliminating the error due to (3). A counter 
for this purpose has been described by Lagercrantz’. 
It depends essentially upon a scanning system which 
is so arranged that the median particle diameter 
must be known to evaluate the result. This is an 
almost insuperable bar to its clinical application, 
since large and unknown variations in median cell- 
diameter occur naturally. 

In an apparatus constructed in this laboratory, 
this difficulty has been eliminated. Let a plate on 
which is distributed at random a number of particles 
varying in size be scanned by an element of width 
greater than the diameter of the largest particle. 
Let every particle wholly or partially within the line 
produce a signal which can be counted. There will 
be some particles wholly within the line scanned and 
others overlapping into it from either side. If the 
line is very long, the number of such cells overlapping 
each boundary will be equal. 

The actual area scanned is therefore a function of 
the width of the element, plus an undetermined area 
which is a function of the median particle-diameter. 
The latter is difficult to measure accurately, and 
varies from one blood sample to another. In order 
to eliminate this unknown factor, let the plate be 
scanned again by an element of greater width than 
before. The number of particles overlapping each 
boundary of this wider line will be the same as the 
number of particles overlapping the previous narrower 
one. Any increase in the count must therefore 
represent the number of particles present in the 
known additional area swept out by the wider 
element, irrespective of particle diameter. 

In practice, the detecting mechanism will not be 
of infinite sensitivity. So long as the detector is 
sensitive to the smallest whole particle, and provided 
that the sensitivity stays constant for any two 
successive scans, the finite sensitivity will reduce the 
effective area scanned by the two elements by the 
same amount. This does not matter, as the final 
result is obtained from an area difference. 
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In the apparatus which has been operating in this 
laboratory, the sample is prepared from a suspension 
of red cells, made by diluting blood a known number 
of times, which is allowed to settle out of a known 
depth of suspension in a specially constructed count- 
ing chamber. A mechanical stage moves the chamber 
to and fro along its longitudinal axis, and along its 
lateral axis in such a way that a microscope objective 
fixed above the chamber scans a number of parallel 
lines. The length of the lines is governed by two 
blackened areas on the counting chamber, or by a 
circuit-breaker driven by the mechanical stage. The 
width of the scanning element is determined by two 
alternative slit-shaped stops, in the back focal plane 
of the objective. The illumination is provided by a 
high-power microscope lamp and a conventional con- 
denser. The light transmitted by the stops is allowed 
to fall on to a photomultiplier, the signals from which 
are amplified and counted. Preliminary tests have 
shown that replicate red-cell counts made by the 
apparatus on the same specimen have a coefficient 
of variation of 2-1 per cent. The results of mme 
extended practical trials at present in progress will 
appear elsewhere. 

The same apparatus with or without small modi- 
fications can be used for counting any small particles 
which can be prepared in a distributed form and with 
sufficient contrast to their background. 

Work on the apparatus described above was carried 
out at the instigation of Dr. R. G. Macfarlane, with 
financial assistance from the Medical Research Council 
and the Nuffield Foundation Hematological Re- 
search Fund. Considerable help from members of the 
staff of the Atomic Energy Research Establishment, 
Harwell, will be acknowledged in detail in a later 
publication. 

H. 8. Wourr 


Department of Clinical Pathology, 
Radcliffe Infirmary, 
Oxford. 
March 24. 
1 Macfarlane, R. G., King, E. J., Wooton, I. D. P., and Gilchrist, M., 
Lancet, i, 282 (1948). 
* Biggs, R., and Macmillan, R. L., J. Clin. Path., 1, 288 (1948). 
* Lagercrantz, C., Nature, 161, 25 (1948). 


Total Cross-Section of Hydrogen and 
Carbon for 153-MeV. Neutrons 


We have used the 110-in. Harwell cyclotron’ as 
a source of high-energy neutrons for total cross- 
section measurements in good geometry. An internal 
beryllium target 8-9 mm. thick was bombarded by 
about ly amp. of 171-MeV. protons, and neutrons 
emerging near the forward direction were collimated 
by a series of 5-cm. diameter holes through three 
concrete screening walls. A polythene disk 19 mm. 
thick and 6-3 cm. in diameter was set up in the beam 
at a distance of 16 metres from the target. Protons 
ejected from the disk at an angle of 10° to the for- 
ward direction were detected by a triple-coincidence 
proportional counter telescope. Carbon absorbers 
placed between the counters in the telescope ensured 
that only protons with an energy greater than 141 
MeV. were counted. This placed a lower limit of 
145 MeV. on the energy of the neutrons detected, 
while an upper limit of 169 MeV. was set by the energy 
of the primary protons in the cyclotron. In a sub- 
sidiary experiment, the high-energy part of the 








968 





neutron-energy spectrum was investigated by varying 
the amount of carbon absorber in the telescope. The 
results showed that the effective mean energy of the 
neutrons during the total cross-section work was 
153 MeV. 

Measurements of the total cross-section of hydrogen 
and carbon were made by inserting graphite and 
polythene rods, 6-3 cm. in diameter, between two 
of the collimating holes, about 8 metres in front of 
the detector. Two sets of absorbers, differing in 
length, gave the same values for the total cross- 
sections within experimental error. Small corrections 
had to be made for a background counting-rate which 
was about 1 per cent of the genuine rate when an 
absorber was in position. 

The total cross-section of hydrogen for 153 + 3- 
MeV. neutrons was determined as 46-7 + 1-4 milli- 
barns. The carbon cross-section was found to be 
330 + 3 millibarns at the same energy. 

This value for the hydrogen cross-section is in 
line with the results of experiments at Berkeley** 
with 40-, 90- and 280-MeV. neutrons. It is too low 
to be compatible with the theoretical total cross- 
sections® given by present meson theories. Christian 
and Hart’ have obtained more satisfactory results 
from a potential which excludes scattering in states 
of odd parity, as suggested by the forward—backward 
symmetry observed in angular distribution experi- 
ments**. Gerjuoy*, however, has pointed out that 
an interaction of this kind leads to difficulties in 
understanding the saturation of nuclear forces. 

A more detailed account of this work will be pub- 
lished elsewhere. We wish to express our thanks to 
the cyclotron-operating crew for their co-operation 
throughout these experiments. 

A. E. Tayior 
T. G. PickavaNcE 
J. M. CassEis 
T. C. RanDLE 


Atomic Energy Research Establishment, 
Harwell, Nr. Didcot, Berks. 
May 10. 
vatemeas, T. G., Adams, J. B., and Snowden, M., Nature, 165, 90 

(1950). 

* Cook, L. J., McMillan, E. M., Peterson, J. M., and Sewell, D. C., 
Phys. Rev., 72, 1264 (1947). 

* Hadley, J., Kelly, E., Leith, C., Segre, E., Wiegand, C., and York, 
H., Phys. Rev., 75, 351 (1949). 

* Kelly, E., Leith, C., and Wiegand, C., Phys. Rev., 76, 589 (1949). 

* DeJuren, J., and Knable, N., Phys. Rev., 77, 606 (1950). 

s Sate, E. H. 8., and Yadav, H. N., Proc. Roy. Soec., A, 197, 505 
( 9). 

’ Christian, R. 5., and Hart, E. W., Phys. Rev., 77, 441 (1950). 

* Gerjuoy, E., Phys. Rev., 77, 568 (1950). 


Thickening of Sodium Chloride Crystalliza- 
tion Layers by Specific Adsorption 
of Foreign lons 


Bunn and Emmett! studied the growing faces of 
salt crystals under the microscope and observed the 
development of successive thin layers. These originate 
at & common centre on the face and spread out to 
the edges. On sodium chloride crystals the layers 
were 1700-4100 A. thick and were visible only under 
dark-field illumination and high magnification. They 
report that when specific foreign salts, including 
cadmium chloride and lead chloride, are added to the 
solution in increasing amount, the layers become pro- 
gressively thinner and finally disappear. In apparent 
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contradiction, we have observed that on sodium chloride 
crystals growing in the presence of cadmium or !».ad 
ions the layers are frequently more than 25,000 A. 
thick and are then clearly visible under transmitted 
light with magnifications less than 100 diameters. 
The expanding boundaries maintain the shape of a 
rough square with sides parallel to the edges of the 
face (see photograph). The thinner layers described 
by Bunn and Emmett were irregular or roughly 
octagonal. , 

Possibly crystallization was somewhat more rapid 
in our experiments, in which the sodium chloride 
was crystallized by free evaporation of the solution 
instead of by cooling it. Nevertheless, the thickening 
of the layers is a specific effect of the cadmium and 
lead ions, for in their absence the layers are never 
seen in transmitted light. They first become visible 
when the concentration of cadmium chloride or lead 
chloride is about 0-001 per cent, and are seen best 
when the concentration is about 0-01 per cent. How. 
ever, a continuous increase in the thickness of the 
layers with increasing concentration of the foreign 
salt was not apparent, for the thickness differs con- 
siderably between one crystal and another in the 
same solution. 

The reason for the thickening of the layers is not 
clear. However, it will be noted that both cadmium 
and lead salts modify the habit of sodium chlorice, 
causing development of the (111)-face, and this has 
been attributed to the slowing of growth on this 
face by specific adsorption. Therefore, it may be 
that they slow the spread of layers in a similar way, 
for, on the advancing front of a layer, adsorption of 
this kind could occur. Such a slowing down might 
well lead to the development of,exceptionally thick 
layers. Bunn and Emmett! have noted that a layer 
often overtakes another and advances as a single 
thicker one, and have suggested that the process 
proceeds continuously from layers of molecular dimen- 
sions. This would indicate that thick layers advance 
more slowly than the thin ones from which they are 
built. If the development of the thick layers was 
retarded further by adsorption, the thickening process 
would be accentuated. 

Zinc and manganese ions also produce the (111)- 
face on sodium chloride, and mercuric and bismuth 
ions the (110)-face. However, none of these produces 
crystallization layers thick enough to be seen with 
transmitted light. The difference can be explained 
by assuming that they are less strongly adsorbed. 
Kading? used thorium B to show that sodium chloride 
crystallizing from a solution containing a minute 
concentration of lead ions incorporates the lead as 
an “anomalous mixed crystal”. By using radioactive 
isotopes of high specific activity, we have found that 
tracer cadmium behaves similarly, but that zinc, 
manganese and bismuth do not. When less than 
1 ygm. per ml. is present in a crystallizing solution 
of sodium chloride, cadmium (like lead) is carried 
down almost completely by the first 5 per cent of 
the crystals, but the other elements remain com- 
pletely in solution. Furthermore, neither zinc, man- 
ganese, bismuth nor mercuric chlorides will prevent 
the co-separation of thorium B with sodium chloride ; 
but cadmium chloride in concentrations greater than 
0-1 mgm. per ml. prevents it completely. Presumably, 
cadmium ions compete with lead ions for adsorption 
and when present in excess they saturate the avail- 
able sites. The other ions are either not adsorbed 
or are easily displaced. Probably they are adsorbed 
only at much higher concentrations. France* found 
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Spread of one crystallization layer (frames 1 to 3) and the start of the next 
frame 4) on a sodium chloride crystal growing in the presence of cadmium ions. 


cut from cinematograph film at 2-sec. intervals. 


x 50, enlarged x 3 photographically. 


Frames were 
magnification 


that most dyes which modify the habit of a crystal 
are not adsorbed when present in the solution in 
concentrations below a minimum value. What this 
value is for the inorganic ions in question cannot 
easily be determined by the radioactive tracer tech- 
nique, which reveals only the fractional amount 
adsorbed. 

That cadmium and lead are more strongly adsorbed 
on sodium chloride than the other ions need not 
indicate a fundamental difference in the adsorption 
mechanism. Royer‘, discussing habit modification, 
suggested an explanation for the assumed adsorption 
of cadmium, zinc and manganese chlorides. These 
three salts form rhombohedral crystals which consist 
of alternate layers of anions and cations in planes 
parallel to the (111)-face. On this face the lattice 
mesh is @ rhombohedron the sides of which are 
3-85 A. for cadmium chloride, 3-77 A. for zine chlor- 
ide and 3-70 A. for manganese chloride. Sodium 
chloride also consists of alternate layers of anions 
and cations parallel to the (111)-face, and on this face 
the lattice mesh is a rhombohedron the sides of which 
are 3-97 A. Royer attributed the adsorption to the 
good fit of these planes. That cadmium chloride 
has the best fit is compatible with the evidence 
pointing to its stronger adsorption. 

A detailed study of the incorporation of radioactive 
tracer lead and cadmium ions into sodium chloride 
crystals has been made and will be published else- 
where. 


A. H. Boornu 


Chemistry Branch, 
Atomic Energy Project, 
National Research Council, 

Chalk River, Ontario. 


Jan. 30. 
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France, W. G., in “Colloid Chemistry” , 5, 443-456 (ed. J 
New York, 1944) 
* Royer, L., C.R. Acad. Sci., Paris, 198, 585 (1934) 
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Preferred Domain Orientation in 
Permanent Magnet Alloys 


THE properties of ‘Aleornax II’ cooled with and 
without a magnetic field have been compared by 
Hoselitz and McCaig'. The improvement in useful 
properties, which is due to a preferred domain orienta- 
tion, is explained according to Bozorth* by the 
‘freezing in’ of magnetostrictive stresses. However, 
magnetic hardening may increase the coercive force 
by up to 100 oersteds, while the increase due to 
magnetostrictive stresses should be of the order io/J 5, 


Transmitted light 
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where the magnetostriction 2 = 2 x 1075, 
and the saturation intensity J; = 1,100 
c.G.8. units. The stresses ¢ due to mag- 
netostriction should not exceed ?7#, and 
Young’s modulus # = 2 x 10" dynes 
cm.~*. This gives o = 4 x 10" dynes 
em.~*, and an increase of coercive force 
of less than 1 oersted. 

A reduction of 825 gauss in the reman- 
ence of a bar of ‘Aleomax II’ hardened 
without a field has been produced by a 
longitudinal pressure of 2-2 10° dynes 
cm.~*, suggesting that the increase in 
remanence of, say, 2,500 gauss produced 
by magnetic hardening would require 
a@ stress of 6 10° dynes cm.~*, that is, 150 times 
that expected from Bozorth’s mechanism. 

Stoner and Wohlfarth* have worked out in detail 
the magnetic properties of an agglomeration of single- 
domain ellipsoidal particles. This theory could 
account for the properties of ‘Aleomax’, and is im- 
portant in connexion with certain powder magnets ; 
but there is as yet no direct evidence for such part- 
icles in cast magnets, and no mechanism has been 
suggested by which a magnetic field could so control 
the growth of precipitates of a second phase as to 
produce oriented particles. (Note added during 
revision: Kittel, Nesbitt and Shockley‘ have now 
suggested a possible mechanism, comments on which 
will appear elsewhere.) In any such mechanism the 
maximum energy available is J;H, which, taking 
H = 1,000, and J, = 400 at the high temperatures 
involved, cannot exceed 4 x 10° ergs cm.~*, a figure 
which seems small compared with the energies usually 
involved in phase changes in metals. 

An incipient phase change might produce large 
stresses, random in direction and limited by the 
possibility of plastic flow. With positive magneto- 
striction, if the direction of magnetization is parallel 
to a compressive stress or perpendicular to a tensile 
stress, an energy term ?o due to the interaction of 
the stress and magnetization will arise, provided the 
field is sufficient to align the direction of magnetiza- 
tion against the action of the stress. This energy of 
interaction might have a trigger-like action pro- 
moting the relief along certain preferred slip planes 
of much larger stresses produced during precipitation. 
Those stresses, tension parallel and compressions per- 
pendicular to the field, which would produce the 
actual domain orientation, would tend to be retained 
while others would be relieved. Mechanical equil- 
ibrium could be maintained by other stresses in @ 
second phase with a smaller intensity or magneto- 
striction. Alternatively, the production of slip planes 
with a preferred orientation might influence the 
further course of precipitation so as to produce the 
effect of oriented particles. 

I thank Dr. K. Hoselitz and Mr. F. R. N. Nabarro 
for valuable suggestions and criticisms which I have 
endeavoured to meet so far as possible. 


M. McCarc 


Original 


Permanent Magnet Association, 
Central Research Laboratory, 
Brown Street, 
Sheffield 1. 
Feb. 6. 
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A New Frequency-Modulation Method for 
Measuring Ultrasonic Absorption 
in Liquids 





In this method the frequency of a radio-frequency 
oscillator is modulated by a sinusoidal audio-frequency 
voltage, and the resultant radio-frequency voltage is 
applied to a transmitting quartz transducer as in the 
accompanying diagram. After passing through the 
liquid, the ultrasonic energy is received by a second 
transducer, and the voltage produced is passed 
through a variable attenuator to a frequency- 
changer valve. At the same time, the audio-frequency 
voltage is passed through a variable-phase shift net- 
work and used for modulating the frequency of a 
second radio-frequency oscillator at a different radio- 
frequency. The output from this oscillator is also 
fed into the frequency-changer valve. The output 
from the frequency-changer valve passes through an 
amplifier sharply tuned to the difference-frequency 
of the two inputs and is measured by a valve volt- 
meter. 
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If the phase-shift network is adjusted to pro- 
vide a delay equivalent to the real delay in the 
ultrasonic path, and the frequency-deviations of the 
two radio-frequency oscillators are the same, then 
the output from the frequency-changer valve will no 
longer be frequency-modulated. This condition is 
easily detected since the output shown on the valve 
voltmeter is then & maximum. 

The transducers are mounted on an optical bench 
arrangement, and attenuation is measured by moving 
the receiving transducer through a known distance 
along the axis of the transmitter, readjusting the 
phase-shift network for maximum 
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So far, measurements have been carried out on 
water at temperatures around 20°C. and at a fre. 
quency of 10 Mc./s., the estimated accuracy of thege 
absorption measurements being in the region of 
+ 1 per cent. 

It is interesting to note that, although this method 
uses continuous waves as opposed to the pulse 
technique’, results are in close agreement. This 
method is being applied to other liquids, and the 
results, together with further details, will be published 
later. 

E. RIscHEster 

Research Laboratories, 

General Electric Co., Ltd., 

Wembley, Middlesex. 


' Pinkerton, J. M. M., Nature, 160, 129 (1947). 


Conductivity and Thermo-Electric Power 
of Selenium Single Crystals 


SELENIUM single crystals have been grown in this 
Laboratory from the vapour phase by the method 
used by Brown! and de Boer*. Although the needles, 
which had a regular prismatic appearance, were 
generally hollow, several specimens had solid por. 
tions up to 1 cm. long. Rotating-crystal X-ray 
diffraction photographs indicated single crystals 

The conductivity of such samples was measured 
using potential probes so as to eliminate rectifying 
barriers at the contacts. On the whole, the results 
of Miiller* were verified. Perhaps the most striking 
feature was the marked deviation from Ohm's law 
observed with quite low field-strengths.  Miiller’s 
measurements were extended to higher fields, and it 
can be seen from the accompanying graph that with 
sufficient field-strength the resistivity always falls, 
though above room temperature it first rises. (The 
values of the resistance at different temperatures have 
been normalized for the purpose of this diagram so 
as to make the values agree at low fields.) 

Over the temperature-range tested (— 65° to 
+ 210° C.) the variation of conductivity with temper- 





output voltage and compensating for 

the change in output voltage by 

adjusting the electrical attenuator. 15 
Any spurious reflexions from the 

walls of the bath or the surface 





of the liquid will have a_ time- 
delay different from that of the 
direct beam, and the resultant 
voltage produced by these reflexions 
will, because of the frequercy mod- 
ulation, have a frequency different 
from that of the 


é 


main beam at 
any particular instant and will be 
afterwards rejected by the sharp 
filter network. With the audio- 
frequencies (2-4 ke./s.) and _ the 
path-lengths (greater than 50 cm.) 
used, no standing wave pattern has 
ever been observed between the 


Relative resistivity 


transducers. 
Although the method is intended 
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for absorption measurements, velo- 
city can be estimated from the audio- 
frequency used and phase-shift net- 
work readings at different distances. 
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Resistivity (along c-axis) of a selenium crystal as a function of 
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ature at low fields obeys an exponential law 

o, exp (— eE/kT), the activation energy EF 
being 0-15 eV. This value remains constant even 
though the absolute value of the conductivity varies 
from one crystal to another, between 10-§ and 
10° ohm cm.~? at room temperature. 

Selenium is anisotropic, and on one particularly 
thick erystal the conductivity could be measured 
both along, and at right angles to, the hexagonal 
c-axis. The latter conductivity was ten times lower 
than the former; but the activation energy was the 
same, at least above room temperature. At lower 
temperatures the conductivity normal to the c-axis 
fell off more rapidly, corresponding to a higher 
activation energy. The deviations from Ohm’s law 
in the two directions were similar in magnitude ; but 
the initial increase in resistance above room tempera- 
ture was not observed with the current flowing normal 
to the c-axis. 

4 phenomenon described by Miller, and confirmed 
here, is an irreversible decrease in conductivity (c) 
on taking a crystal through its first heating cycle. 
This ‘annealing’ effect manifests itself as a deviation 
of c from the exponential law beginning at about 
130° C. as the crystal is heated and completed at 
210° C. The cooling curve follows another exponential 
law with the same slope but a value of o about ten 
times smaller than before. This curve is then re- 
producible on reheating. Some tests were made to 
trace the cause cf this effect. It could not be prevented 
by heating in vacuum instead of in air, nor by 
changing the rate of cooling. The effect was, however, 
reduced with a crystal which had received only a 
minimum of handling (no cleaving or grinding). It 
is thought that the cause may lie in recrystallization 
after deformations caused by handling the crystals. 

The thermo-electric power @ of the crystals was 
measured by raising the temperature of one of the 
contacts by 5-10°C. At room temperature there is 
a straight-line correlation (of slope k/e) between values 
of 6 and log o for different crystals and also for the 
same crystal before and after annealing. Since the 
formula for 6 contains a term (k/e)logn, this 
correlation indicates that the differences in o are 
attributable to differences in the concentration of 
positive holes, n (selenium is a deficit conductor), 
the mobility remaining constant. However, no 
such correlation between 6 and log co was found 
when @ given crystal was tested at different 
temperatures. 6 remained approximately constant, 
while log ¢ varied as 1/7’, as mentioned above. This 
may mean that the simple theory of the thermo- 
electric effect breaks down, as stated by Greenwood 
and Anderson‘ with reference to cuprous oxide and 
stannous sulphide; alternatively, it might be 
issumed that the temperature dependence of o is 
lue to a changing mobility, n remaining constant. 

Such a behaviour and also the deviations from 
Ohm’s law might possibly be explained by assuming 
the existence of internal barriers. The observed 
resistance and its temperature dependence is then 
mainly due to the barriers, while within the grains 
the resistance is lower and almost constant. 6, being 
a bulk property, would then also be constant. 

Henkels*, who simply dismisses crystals grown 
from the vapour phase as ‘polycrystalline’, claims 
to have grown true single crystals from the melt, 
citing as evidence very much smaller deviations from 
Ohm’s law. The values of conductivity and activation 
energy are, however, very similar to those mentioned 
above, while one would expect @# higher conductivity 
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and smaller temperature dependence in the absence 
of barriers. It is not stated whether Ohm’s law was 
checked over a range of temperatures. 

Clearly a good deal more work, both from the 
structural side with special X-ray techniques and 
from the electrical side, is required to clarify the 
behaviour of these crystals. 

A fuller account of this work will be published 
elsewhere. 

Thanks are due to Dr. E. Billig for constant advice. 


K. W. PLESSNER 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 
Aldermaston, Berkshire. 
Feb. 1. 
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* Miller, T., Site. Ber. Phys. Med. Soz. Erlangen, 70, 7 (1938). 

* Greenwood, N. N., and Anderson, J. 8., Nature, 164, 346 (1949). 
* Henkels, H. W., Phys. Rev., 76, 1737 (1949). 


Low-Level Atmospheric Ducts 


IN a communication in Nature!, I suggested an 
explanation for the occurrence of low-level atmo- 
spheric ducts over the sea, which had been reported 
by McPetrie and Starkey* in conditions of strong 
winds. It was suggested that the previous history 
of the air was the governing factor in deciding whether 
an atmospheric duct would occur. I am indebted 
to Dr. Starkey for additional information showing 
the dates of occurrence of various signal strengths 
in the Cardigan Bay area in strong wind conditions. 

For each of the eleven days given, the air was 
tracked back from the Cardigan Bay area for forty- 
eight hours. Very strong signals were found to have 
occurred in air which had travelled mostly over land, 
finishing with a descent from the Welsh mountains 
to sea-level in Cardigan Bay. ‘Fairly strong’ signals 
were associated with polar air which had been in the 
area south-east of Greenland forty-eight hours before 
and had crossed Ireland before reaching Cardigan 
Bay. Weaker signals accompanied air which orig- 
inated farther south on the Atlantic and had no land 
track, while no signal at all was measured in warm- 
sector air the origin of which was far to the south- 
west of the British Isles in a region where sea tem- 
peratures are high. No signal also was measured on 
one occasion when the origin of the air might have 
led one to expect a fair signal; but on this occasion 
continuous rain in the Cardigan Bay area probably 
considerably reduced any humidity-lapse which 
may have existed previously. 

The analysis shows clearly the importance of the 
previous history of the air and, in addition to the 
effect of the cold origin of the air mentioned in my 
previous note, the drying effect on the lowest layers 
of a recent land track is also of great significance. 

I am indebted to the Director of the Meteorological 
Office for permission to submit this note. 

R. F. Jones 

Meteorological Office, 

East Hill, 
Nr. Dunstable, 
Beds 


Jan. 23. 


' Nature, 163, 639 (1949). 
* Nature, 162, 818 (1948). 
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Application of the Kozeny Equation to 
Consolidated Porous Media 


REcENTLY, Carman! discussed the applicability of 
the Kozeny equation to the determination of the 
specific surface area of consolidated porous media 
and concluded that it should be applicable if certain 
specified conditions were fulfilled. Carman apparently 
envisaged the use of the Kozeny equation with a 
constant, k, of 5-0, which is the constant found 
applicable to the case of fluid flow through uncon- 
solidated porous media. Carman has shown? that k 
may be expressed as the product of two parameters, 
namely, a shape factor, ky, and a term (Le/L)* which 
we shall call tortuosity, 7. He has adduced experi- 
mental and theoretical evidence to show that the 
variation of k, with pore geometry is likely to be 
within the approximate range 2-0—2-5 for most porous 
media, and this conclusion appears to have received 
general confirmation. For unconsolidated porous 
media in the porosity range 0-25-0-90, Carman has 
suggested that k, is about 2-5, and it is thus implicit 
that within this range 7 has a rather constant value 
of 5-0/2-5 = 2-0. 


Table 1 
é FP F F 
(Carman) (Fricke and Morse) (Archie) 
9-25 5:7 5-5 6-1 
0-30 4°7 4°5 4-8 
0°35 4-0 3°8 3-9 
0-40 3°5 3-3 3°3 
0-45 3:1 2-8 23 


We suggest that 7 can be derived from the ratio 
of the resistivity of a porous medium saturated with 
a conducting fluid to the resistivity of the fluid. This 
ratio has been shown by Archie* to be a constant for 
any porous medium and was given the name forma- 
tion factor, F, by him. Archie showed empirically 
that for unconsolidated porous media F = «-'*. We 
have shown that F = T'/*/<, and details of the de- 
rivation are being published elsewhere. 

Table 1 gives a comparison of values of F/ com- 
puted from (2-0)/2/< (Carman), (3 — ¢)/2¢ (Fricke and 
Morse* for dispersed non-conducting spheres) ana 
e~1? (Archie). 
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derived from an electrical measurement and i, 
assumed, a value of k which may greatly exceed 5-0 
may be computed. This & is then used in the Kozeny 
equation, S, = (¢/kK)'/*, where K is the coefficient 
of permeability, to compute S», specific surface per 
unit of pore volume. The accuracy of such computa. 
tions is difficult to check since there is no suitable 
independent method for measuring the specific sur. 
face area of consolidated media ; the gas adsorprion 
method does not necessarily measure the same surface 
area as that determined in flow experiments. Carman 
has himself shown‘, however, that in unconsolidated 
porous media the expression Pp/c appears to xive 
a close approximation to the specific surface area 
per unit of pore volume. Pp is the pressure that must 
be applied to a non-wetting phase in order to initiate 
displacement of a wetting fluid from a saturated 
porous medium, and oc is the interfacial tension 
between the two phases. 

We have investigated the agreement between sur. 
face areas of consolidated porous media base on 
values of k = ¢*F*k, with those computed from the 
relationship Pp/s. 

Table 2 shows a few results of measurements we 
have made, and values of S, which have been cal 
culated from them. A value of kg = 2-5 was assumed. 
The measurement of Pp can only be made with 
accuracy if the pore-size distribution of the media 
used is reasonably uniform. To ensure this, measure- 
ments have been made on consolidated porous media 
fabricated by sintering ‘Pyrex’ and alundum grains 
of rather uniform particle sizes (supplied by Corning 
Glass Works, New York, and the Norton Company, 
Worcester, Massachusetts, respectively). However, 
measurements on certain natural consolidated sand. 
stones, the results from two bein quoted here, have 
also been carried out and have been found very 
reproducible. The fact that consolidated porous 
media may be prepared with smooth faces materially 
assists the accuracy with which an observation of 
Pp can be made. 

It will be observed that the agreement between 
the surface areas determined by the two methods 
is generally satisfactory. The calculation of values 
of S, based on values of JT derived from measured 
values of F thus appears promising. 

















. Table 2 
Pp 
Material Kk s PF gk (dynes/em.* o Sp=Sp/a Sp = (2-5¢e K) "rR" 
(em.* x 10-™") < 10*) (dynes/em.) | (cm.*/em.*) (em.*/em.") 
Alundum 680 0-258 13-7 31-2 | 5-17 | 43-0 | 1,200 | 1,100 
Alundum 660 0-254 11°3 20-5 | 7°24 43-0 1,680 | 1,370 
Alundum 63 0-236 11°5 18-4 | 29-2 54-2 5,400 4,500 
Pyrex 8-1 0-374 4-4 6°38 | 124-0 | 54-2 22, j 26,100 
Pyrex 3900 0-286 6-2 78 OI 5-65 54-2 1,030 870 
Nicholls Buff SS 230 0-200 12°5 15°6 | 11°9 43-0 2,760 2,360 
Berea 3S 890 0-225 11-7 17°3 6-02 43-0 400 1,200 


It will be observed that the comparison is reason- 
ably good. One reason for the discrepancy between 
Archie’s values of F and those computed from the 
Carman tortuosity seems certainly to lie in the fact 
that no allowance for a decrease in tortuosity with 
increase in porosity is made in the latter formulation ; 
that is, we believe that the relative constancy of k 
observed by Carman in the case of unconsolidated 
porous media is the fortuitous consequence of com- 
pensating changes in k, and 7 with change in «. 
However, if k, is relatively constant over a wide 
range of geometrical pore shapes—and the recent 
results of Coulson’ support this view— can be cal- 
culated if T can be separately determined. If 7 is 





Grateful acknowledgment of permission to publish 
this note is given to Dr. Paul D. Foote, executive 
vice-president, Gulf Research and Development 
Company, Harmarville, Pennsylvania. 
M. R. J. WYLLIE 

: WatrTer D. Rose 
Gulf Research and Development Company, 
Harmarville, Pa. Jan. 23. 


‘Carman, P. C., Farad. Soc. Discussions, “Interaction of Water and 
Porous Materials’’, 72 (1948). 

* Carman, P. C., Trans. Inst. Chem. Eng., 15, 150 (1937). 

* Archie, G. E., Trans. Amer. Inst. Mech. Eng. (Petroleum Division), 
146, 54 (1942). 

* Fricke, H., and Morse, 8., Phys. Rev., 25, 361 (1925). 

, J. M., Trane, Inst. Chem. Eng. (in the press). 
* Carman, P. C., Soid Sei., 62, 1 (1941). 
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Heat Transfer Between a Non-Wetted 
Surface and a Moving Fluid 


RECENT papers on heat transfer to liquid metals 

ive raised the question whether different rates of 
heat transfer are obtained from wetted and non- 
wetted surfaces when the surface temperature is 
below the boiling point of the fluid. To my knowledge, 
no paper has presented data comparing the wetted 
and non-wetted cases. 

An experimental study of heat transfer to mercury 
in circular tubes and annuli is being made. Heating 
and cooling results have been obtained with non- 
wetted stainless steel and with completely wetted 
and amalgamated copper tubes. The range of Rey- 
nolds number, based on four times the hydraulic 
radius, was from 5,000 to 100,000. The Prandtl 
number was about 0-02. Although less accurate for 
obtaining absolute values, the apparatus is accurate 


to 2 per cent when comparing heat transfer co- 
efficients. Within the limitations of the apparatus, 
the results for both wetted and non-wetted tubes 


were identical. 

It would appear that the nature of contact between 
a liquid and a solid does not affect heat transfer 
across the interface. This suggests hydrodynamic 
identity of the wetted and non-wetted cases, and 
supports the generally accepted conclusion, drawn 
from friction tests, that there is no slip at a liquid—solid 
interface, even when wetting does not occur. 

This investigation is sponsored by the Ministry of 
Supply. 

Lioyp M. TREFETHEN 
Department of Engineering, 
University of Cambridge. 
Jan, 31. 


Selective Absorption of Sulphur-35 by 
Fungus-infected Leaves 


It has been shown that fungi and higher plants 
absorb and accumulate fungicidal substances to a 
high degree'=*; but, so far as we are aware, no 
quantitative demonstration of selective absorp- 
tion of therapeutic chemicals by parasitized 
tissues of plants or animals has been reported. 
rhe therapeutic of* sulphur 
vapours against external powdery mildews and 
internal rusts‘ suggested that these infections 
would be suitable for the study of selective 
absorption of a fungicide. 

Bean leaves infected with the uredinial stage 
f rust (Uromyces phaseoli) or with powdery 
mildew (Erysiphe polygoni), and sunflower 
leaves infected with rust (Puccinia helianthi), 
were detached from living greenhouse plants 
and exposed to the vapours from 50 ml. of 
0-01 per cent sodium sulphide (Na,S.9 H,O) 
containing 5-8 microcuries of sulphur-35 (half- 
life 87-1 days, 0-169-MeV. 8-, supplied by U.S. 
\tomic Energy Commission, Oak Ridge, Ten- 
nessee) at pH 8 in sealed pint jars for 8 hr. at 
about 22° C. This treatment was lethal to the 
rust or powdery mildew mycelium in or on the 
eaves, but did not injure the host. The 
sulphur-35 served only as a tracer, as dilute 
hydrogen sulphide gas, vapours from com- A. 
mercial lime sulphur, and from the sodium 
sulphide without sulphur-35 have been thera- 
peutically effective. 


successful use 
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treated with sulphur-35 eight days after inoculation. 
areas are the positions of the uredinial pustules. Actual size. 
ment of portion of A. C. 
treated twelve days after inoculation. 
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The localization of sulphur in the leaves was 
determined by making radioautographs of treated 
leaves on X-ray film. An exposure period of 48 hr. 
was satisfactory. Radioautographs of bean leaves 
inoculated with rust four to twenty-one days before 
treatment showed greater uptake of sulphur by in- 
fected than by non-infected areas of the same leaf or 
by healthy leaves. For leaves with infections eight days 
old (Figs. A and B) and with fungus colonies (uredinia] 
pustules) about 1-2 mm. in diameter in one represent- 
ative test, most lesions showed a centre of strong 
radiation of about 0-5 mm. in diameter, encircled 
by zones of about 1-0, 1-8 and 3-5 mm. in which 
radiation was weaker, stronger, and weaker, 
respectively, than in the zones immediately within. 
The outer (weaker) zone, well beyond the limit of 
the rust mycelium, showed less radiation than those 
portions of the leaf beyond the apparent influence 
of the mycelium. In one case radioautographs of 
leaves treated four days after inoculation showed 
the location of the pustules before they were visible 
to the unaided eye. In general, the older and larger 
the pustules the more intense the radioautograph 
(Fig. C), but in several cases the radioautographs 
showed much weaker radiation at the centres of the 
pustules than from areas beyond the centres. The 
radioautographs indicate greater sulphur absorption 
by infected than by healthy tissues for the three 
diseases studied. 

When the sulphur-35 radiation from bean leaves 
was localized to areas of 0-2-13 mm.* by means of 
round holes in lead shields and measured in a Geiger 
counter, the radiation from mildewed and rusted 
areas was up to five times that of normal areas of 
the same leaves. The amount of absorbed sulphur 
necessary for destroying rust and mildew infections 
without injury to the host varied greatly, but was of 
the order of 1-3 »gm. sulphur per cm.? of leaf area, 
while the amount absorbed where slight host injury 
occurred was of the order of 3-6 ugm. While the 
range between therapy and host injury seems 
small in terms of the amount of sulphur absorbed, 
it was large in terms of the amount of sulphur 
applied, as a ten-fold increase in dosage resulted 





Positive print of radioautograph of half of a rust-infected bean leaf 
The target-shaped 


B. Enlarge- 
Print of radioautograph of portion of bean leaf 
Actual size. In all cases the light 
areas represent radioactivity 
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in only about a two-fold increase in the amount 
absorbed. 

It is concluded that sulphur in therapeutic amounts 
is selectively absorbed by rusted and mildewed areas 
of leaves. This selective absorption by diseased 
tissues (host + pathogen) may explain other cases 
of chemotherapy in plants and animals without 
invoking a differential sensitivity of host and patho- 
gen to the therapeutic agent. 

C. E. Yarwoop 
Louis JACOBSON 


Divisions of Plant Pathology and 
Plant Nutrition, 
University of California, 
Berkeley. 


* Goldsworthy, M. C., Phytopath., 18, 355 (1928). 

* Marsh, Paul B., Phytopath., 35, 54 (1945). 

* Mazia, Daniel, and Mullens, L. J., Nature, 147, 642 (1941). 
* Yarwood, C. E., Phytopath., 30, 791 (1940). 


Effect of Organic Compounds on 
Nitrosomonas 


THE growth of nitrifying bacteria (Nitrosomonas 
and Nitrobacter) is usually inhibited by comparatively 
low concentrations of soluble organic substances, 
particularly amino-compounds'-*. A rather ex- 
ceptional resistance was shown by a strain of Nitro- 
somonas that was isolated from farmyard manure 
and in other respects appeared typical (oval rods, 
motile by means of a single polar flagellum, no growth 
in ordinary bacteriological media, no nitrite formation 
except from ammonia). 

This strain was able to nitrify ammonium sulphate 
in the presence of high concentrations of numerous 
organic compounds ; for example : 








Table 1 

Highest concentration 

permitting nitrification 

Compound Per cent Molar 

Sodium formate 2-50 | 0°37 

Sodium acetate (3H:0) 6-00 O-44 

Sodium succinate (6H,O) 8-00 | 0-30 
Glycerol } 5-00 | 0-56 | 
Glucose | 10-00 | 0-56 | 
Sucrose ° | 20-00 | 0-58 


The high concentrations of glucose were tolerated 
only if the sugar had been sterilized by filtration. 
Glucose sterilized by autoclaving, either separately 
or in the medium, prevented nitrification in con- 
centrations of 1-5-2-5 per cdént. Autoclaving at 
pH 7-5 seemed to cause a somewhat greater toxic 
effect than at pH 6-0 (cf. Stanier* and Sijpesteijn 
and Fahraeus® on cellulose-decomposing bacteria). 
The inhibitory substance formed by heating was not 
removed by absorption with active charcoal; the 
effect might to some extent be due to partial con- 
version of the glucose into levulose and mannose, 
since the latter compound particularly was far more 
toxic than glucose and caused strong inhibition 
at a concentration of 1-0 per cent. 

Among nitrogenous compounds, glycine, alanine 
and asparagine were strongly inhibitory, suppressing 
nitrification in concentrations of 0-1—-0-4 per cent 
(0-013-0-046 molar); but aspartic acid, glutamic 


acid and especially urea proved to be comparatively 
non-toxic : 
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Table 2 
| Highest concentration 
permitting nitrification 
Compound Percent | Molar mol.N lH, 
| Asparagine (1 H.O) 0-30 0-022 0 04 =~ 
Aspartic acid | 1-50 0-11 0-11 
Glutamic acid | 2-50 0-17 | 0-17 
Urea | 3°50 


0-58 1+ 


| 





Nitrification in the presence of high concentra: jong 
of organic compounds could be started with a com. 
paratively small inoculum (one drop of a 10-15 lays 
old culture, diluted to one-tenth, in 25 ml. of medium). 
The compounds thus failed to inhibit growth as well 
as respiration. 

Lees and Quastel* have observed a rapid nitritica. 
tion of the oxime of pyruvic acid in soil culture, while 
free hydroxylamine was inhibitory ; and very recently 
Quastel and Scholefield’? have adduced evidence 
that the nitrification of oxime nitrogen is brought 
about by other organisms than Nitrosomonas, 
In agreement with this, the present organism 
nitrified neither free hydroxylamine, which was ex. 
tremely toxic and suppressed the nitrification of 
ammonium sulphate in a concentration so low as 
0-0003 molar, nor pyruvic acid oxime, which showed 
an inhibitory effect perhaps comparable to that of 
glycine. It thus appears most unlikely that the 
oxidation of ammonia to nitrite would proceed via 
hydroxylamine. 

H. L. JENSEN 
Department of Bacteriology, 
State Laboratory of Plant Culture, 
Lyngby, Denmark. 


Jan. 25. 
* Winogradsky, S., and Omeliansky, V., Cent. Bakt., II, 5, 329, 377, 
429 (1899). 
* Meyerhof, O., Arch. f. d. Ges. Physiol., 166, 240 (1917). 
* Kingma Boltjes, T. Y., Thesis, Delft (1935). 
* Stanier, R. Y., Bact. Rev., 6, 143 (1942). 
s a Kaars, A., and Fahraeus, G., J. Gen. Mircrobiol., 3, 224 


* Lees, J., and Quastel, J. H., Biochem. J., 40, 824 (1946). 
* Quastel, J. H., and Scholefield, P. G., Nature, 164, 1068 (1949). 


Acidic Proteins of Cellular Nuclei 


Aw alkali-soluble protein fraction, obtained from 
ealf thymus nuclei, was reported by Mayer and 
Gulick'. Upon addition of acid to the alkaline solu- 
tion, precipitation of this fraction occurred at about 
pH 6. Stedman and Stedman?’ obtained an alkali- 
soluble protein fraction, ‘“chromosomin’, from several 
kinds of nuclei, including the heads of fish sperm- 
atozoa. Alkali-soluble protein fractions, which are 
precipitated when the solution is made acid, were 
recently reported to be present in boar spermatozoa‘. 

We have found a similar protein fraction to be 
present in rat liver nuclei isolated by the Dounce 
method*® and in ‘chromosomes’ isolated from calf 
thymus by the method of Mirsky and Ris*. The 
nuclei and ‘chromosomes’ were first extracted with 
1-0 M sodium chloride solution to remove the nucleo- 
histone. The resulting residue was extracted either 
with 0-1 M, 0-5 M or 1-0 M sodium hydroxide for 
30 min. When the alkaline extracts from the nuclei 
or the ‘chromosomes’ were made acid with acetic 
acid, a protein fraction was precipitated from each 
extract at about pH 6. No further precipitate formed 
when the supernatant was acidified to pH 1. 
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[he acidic protein fraction obtained from rat liver 
iclei contained about 6 per cent arginine and less 
an 0-5 per cent phosphorus. No light absorption 
ie to nucleic acids (at 260 mv) could be detected 
the acidic protein fractions (pH 6 fractions) from 
rat liver nuclei, calf thymus ‘chromosomes’ or boar 
spermatozoa. 

[The heads of boar spermatozoa were separated 
from the tail-midpieces prior to extraction, and it 
was found that all the protein fractions previously 
reported‘ come from the heads. 

The location of the acidic protein in the nucleus 
is not clear. Our present knowledge of the structure 

f interphase nuclei such as rat liver nuclei does not 
seem to warrant any conclusion as to whether or not 
the extracted material is a part of the chromosomes. 
Lamb’ has interpreted his work on the ‘isolated 
chromosomes’ of Mirsky and Ris* as indicating that 
these thread-like structures are shredded nuclei 
rather than chromosomes. If Lamb’s interpretation 
is correct, the location of the acidic protein which 
we have obtained from calf thymus ‘chromosomes’ 
is also uncertain. 

The spermatozoa of the boar contain a rather large 
amount of an arginine-rich residue which is insoluble 
n either sodium chloride or alkali solutions‘. Recently 
we have found this residue to be composed entirely 
of ‘ghost’ heads. Our work gives some indication 
that an alkali-insoluble residue may also be present 
in rat liver nuclei. 





] 


TunG-YUE WANG 
Wriu1rMm R. KrrK#amM 
R. Duncan DALLAM 
Dennis T. MAYER 
Lioyp E. THomas 
Departments of Biochemistry 
and Agricultural Chemistry, 
University of Missouri. 
Mayer, D. T., and Gulick, A., J. Biol. Chem., 146, 433 (1942). 
* Stedman, E., and Stedman, E., Nature, 152, 267 (1943). 
* Stedman, E., and Stedman, E., Cold Spring Harbor Symposia on 
Quantitative Biology, 12, 224 (1947). 
‘Thomas, L. E., and Mayer, D. T., Science, 110, 393 (1949) 
Dounce, A. L., J. Biol. Chem.. 147, 685 (1943). 
* Mirsky, A. E., and Ris, H., J. Gen. Physiol., 31, 1 (1947). 
* Lamb, W. G. P., Nature, 164, 109 (1949). 


Amino-Acids in Posterior Pituitary Protein 


THE protein isolated from the pars neuralis of the 
pituitary by van Dyke et al. contains 1 I.v. per 
61egm. Pressor, antidiuretic and oxytocic activities 
are present in constant amounts and in the same 
ratio found in crude posterior pituitary powder. This 
protein contains 4-3 per cent sulphur which appeared 
to be entirely in cystine. It seemed of interest to 
confirm the earlier conclusion that cystine is the only 
sulphur-containing amino-acid in the protein and to 
identify qualitatively as many amino-acids as possible. 

10 mgm. of the protein wee dissolved in 10 ml. of 
6 N hydrochloric acid. After boiling for 20 hr. under 
reflux, the solvent was removed by vacuum. The 
dry residue was dissolved in 1 ml. of 10 per cent 
isopropanol. A volume of 0-005 ml. or a multiple 
f this volume was used for filter-paper chromato- 
grams. Two-dimensional chromatograms (0-005 
0-030 ml. of hydrolysate) were run with phenol 
followed by lutedine as well as in reverse order. 
Sulphur-containing amino-acids were investigated in 
one-dimensional chromatograms by the platinic 
iodide reaction; proline and hydroxyproline were 
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similarly sought by the isatin reaction. Tests for 
tryptophane were performed without hydrolysing 
the protein. The results obtained are summarized 
in the accompanying table. 








QUALITATIVE TESTS FOR AMINO-ACIDS IN POSTERIOR PITUITARY 
PROTEIN 
Leucine 
Lysine + + 
Methionine 
Phenylalanine 


Alanine +44 
Arginine +++ 
Aspartic acid ++ 
Cysteine - 


Cystine +++ Proline ++ +4 
Glutamic acid Serine $+ + 
Glycine Threonine + 
Histidine - Tryptophane - 
Hydroxyproline - Tyrosine + + 
Tsoleucine Valine +4 


The earlier conclusion that all the organically 
bound sulphur is in cystine was confirmed. Therefore, 
this amino-acid accounts for about one-sixth of the 
weight of the protein. Previous work demonstrated 
that the biological] activity of the protein is reduced 
or abolished by partial or complete reduction of the 
dithio groups of cystine. 

RicHARD J. BLOcK 
Department of Physiology and Biochemistry, 
New York Medical College. 
H. B. van DYKE 
Department of Pharmacology, 
College of Physicians and Surgeons, 
Columbia University. 
Jan. 25. 


'van Dyke, H. B., Chow, B. F., Greep. R. O., and Rothen, A., J. 
Pharmacol. Erp. Ther., 74, 190 (1942). 


Effects of lodoacetate on Zymase 
Fermentation 


THE earlier investigators of iodoacetate poisoning?:* 
suggested that a phosphorylation process was prim- 
arily inhibited; but more recent work*** has 
attracted attention to the iodoacetate sensitivity of 
dehydrogenases containing —-SH groups. It is now 
generally assumed that the first point of attack, 
when iodoacetate is applied to fermenting yeast, is 
the stage controlled by the triosephosphate dehydro- 
genase, while the alcohol dehydrogenase may also 
be inactivated. 

However, even these very sensitive dehydrogenases 
require concentrations as high as 10° M for strong 
inhibition in vitro*, whereas glucose fermentation, 
whether by yeast* or by extracted zymase, can be 
suppressed by concentrations considerably less than 
10* M. The following observations may be of 
interest in this connexion. 

The fermentation in air of 1 ml. aliquots of a 5 per 
cent zymin preparation from baker’s yeast suspended 
in M/15 phosphate buffer at pH 6-0 provided with 
manganese ions was slow until glucose or hexosedi- 
phosphate was supplied, when a rapid and constant 
rate of carbon dioxide production was induced. 
Glucose was added to give a final concentration of 
20 mgm./ml. and hexosediphosphate to 5 mgm./ml. 
In the inhibitor experiments appropriate amounts 
of iodoacetate to give the desired final concentrations 
were added to selected flasks containing zymin sus- 
pension immediately before the addition of substrate. 
The carbon dioxide outputs of these aliquots were 
compared with those of control systems. 

When the inhibitor was applied in concentrations 
greater than 10-* M, fermentation of either glucose 
or hexosediphosphate was arrested almost com- 
pletely. In lower concentrations, however, there 
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was a clear distinction between the 
extent of the inhibitions observed with 
the different substrates. The results 0 





of a typical experiment in which 10~* M 
iodoacetate was used are shown in 
Fig. 1. The control rates of carbon 
dioxide output (continuous lines) are 
seen to be high. In the presence of the 
inhibitor (broken lines) the rate with 
glucose as substrate was very much re- 
duced from the outset, and after 40 
min. the output had attained a value 
of only 17 per cent of the control. 
When hexosediphosphate was pro- 
vided, on the other hand, the fermenta- 7 
tion in the presence of the iodoacetate 


20 4 


ion of fermentation 








6 Hexosediphospha le 


a Glucose * 


\.\ 








followed the control quite closely ; the 
inhibition was less than 10 per cent, 
and the rate of carbon dioxide out- 
put was maintained for at least a 
further 80 min. 

The effects on each system of a series of finely 
graded dilutions of the inhibitor in the range 4 « 10-* 
M to 4 10-* M were also investigated. The carbon 
dioxide outputs were more or less constant in all 
cases after 60 min., and the amounts evolved during 
the half-hour period 80-110 min. have been used to 
evaluate the percentage inhibition over the controls. 
Values so obtained in two series of experiments with 
(a) glucose and (6) hexosediphosphate as substrate 
are plotted against iodoacetate concentration in 
Fig. 2. 

In each case it will be seen that a sigmoid curve is 
obtained; but the slopes are quite different and the 
points of inflexion are widely separated. With 
glucose as substrate, even very low concentrations of 
inhibitor have well-marked effects, and the curve of 
percentage inhibition begins to descend more sharply 
as the concentration is raised above 10°' M. There- 
after, with further increases in iodoacetate concentra- 


Fig. 2. 
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glucose and hexosediphosphate. Control outputs are shown as 


continuous lines, and those with inhibitor as broken lines 


100 T 


. 
: 
H 
T T T 

5 4 3 
log molar concentration of iodoacetate 


Effect of different iodoacetate concentrations on the inhibition of glucos: and 


hexosediphosphate fermentation 


tion, extensive inhibition results, and at 2 10*M 
it is virtually complete. The hexosediphosphate 
curve, however, has a much steeper slope and <loes 
not begin to decline until concentrations greater 
than 2 x 10°‘ M are reached ; lower concentrations 
than this have no significant effect. 

Thus at any point along the concentration scale 
below 5 x 10-* M, the effects of the inhibitor were 
much more pronounced when the zymin was ferment- 
ing glucose than when its natural derivative, hexose. 
diphosphate, was being attacked. Indeed, at certain 
critical points the glucose fermentation was almost 
completely suspended while that of hexosediphosphate 
proceeded at the normal rate. ‘The best comparison 
of the sensitivity of the two systems is that between 
the concentrations of inhibitor inducing 50 per cent 
inhibition*, and it is found from Fig. 2 that the 
values are (a) for glucose 8-7 x 10-5 M, and (6) for 
hexosediphosphate 3-2 x 10-* M. 

Hexosediphosphate fermentation is suspended only 
when those concentrations of iodoacetate which 
are known to be toxic to dehydrogenases are reached, 
and it is reasonable in this case to ascribe the stoppage 
to their inactivation’. But lower concentrations of 
inhibitor bring about reductions in glucose fermenta- 
tion by zymase (and indeed by living yeast), so that 
it is unlikely that the same enzyme system is 
attacked in this case. 

These results are most readily explained on the 
supposition that some enzyme system in the zymase 
complex which is concerned in the production of 
hexosediphosphate from glucose is susceptible to iodo- 
acetate in concentrations which are not high enough 
to affect the succeeding steps in fermentation. They 
may thus provide support for the original hypothesis 
that certain phosphorylation processes are sensitive 
to iodoacetate. 

H. BEEVERS 

Oxford Medicinal Plants Scheme, 
University Department of Botany, 

Oxford. 

Feb. 13. 
' Lundsgaard, E., Biochem. Z., 220, 1 (1930). 
* Yamasaki, I., Biochem. Z., 228, 123 (1930). 
3 at, 3. Euler, H., and Giinther, G., Skand, Arch. Physiol., 80 
* Adler, E., Euler, H., Giinther, G., and Plass, M., Biochem. J., 33 

1028 (1939). 

5 Adler, E., and Giinther, G., Z. Phys. Chem., 253, 143 (1938). 
* Beevers, H., and Simon, E. W., Nature, 163, 408 (1949). 
’ Dixon, M., Nature, 140, 806 (1937). 
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Radiation Chemistry of Ferrous-Ferric 
Systems 


THE action of ionizing radiation upon dilute 
solutions of ferrous sulphate in sulphuric acid has 
been studied for many years", chiefly because of the 
usefulness of this system for measuring the absorbed 
energy of the radiation. There has, however, been 
no consistent theory developed to explain the mech- 
anism of the reaction. Under the conditions normally 
employed in radiation dosimetry, namely, 10-*-10-* M 
FeSO, in 0-8 N H,SO,, 100 per cent oxidation of the 
ferrous ion is observed, while ferric solutions are not 
reduced at this acidity. At lower acidities more 

mplicated results are obtained’, and the dependence 
on pH has never been satisfactorily explained. The 
experiments of Spicer* on ferric chloride solutions show 
that it is possible to reduce ferric solutions under 
suitable conditions. Indeed, on the basis of the 
mechanism proposed by Weiss‘ to explain radiation 
effects in aqueous solutions, in which the primary 
act is the formation of hydrogen atoms 
the reduction of ferric ion 


chemical 
and hydroxyl radicals, 
seems quite likely. 

Most mechanisms proposed to explain the oxidation 
of ferrous solutions involve the steps® : 


Fe?* OH — Fe** OH-, and, in the presence 
of dissolved oxygen, 


Fett + HO, — Fe*+ + HO,, 


the ferric ion being assumed to take no further part 
in the reaction. Since the true aquo-ferric ion is 
known to exist only in perchlorate solutions at high 
acidities*, it appears unlikely that in moderately acid 
sulphate solutions it will occur except as a complex. 
It was therefore decided to study the effects of radia- 
tion on ferrous and ferric solutions, (a) as perchlorates 
in perchloric acid of varying acidity, where the only 
complex likely to be formed* is FeOQH**, and (6) in 
the presence of agents forming complexes, such as 
chlorides, fluorides, thiocyanates and various organic 
reagents. The preliminary experiments reported 
below were carried out with ~ 10-* M solutions of 
ferrous and of ferric ion irradiated with radium 

rays or with 200 kV. X-rays; dose-rates varied 
from 10 to 10'* eV./sec./ml., and total doses varied 
up to 10'* eV./ml. All irradiations were made in the 
presence of air. 

We have found that it is possible not only to obtain 
100 per cent oxidation of some ferrous systems, but 
also 100 per cent reduction of suitable ferric systems, 
and that by varying the conditions the final ratio 
[Fe**]/[Fe**] can vary widely. The strong organic 
complexes ferrous tris-dipyridyl, ferrous tris-o-phen- 
anthroline and ferric ferron are unaffected by moderate 
doses, whereas the ferric tris-o-phenanthroline and 
the aquo-complex [Feph,(OH),ph,Fe]**, where ph 

phenanthroline’, are reduced to the ferrous com- 
plexes on irradiation in aqueous solution, even in 
the presence of oxygen. Since in the o-phenanthroline 
complexes the ferrous complex is the most stable 
one*, it appears likely that irradiation of ferrous or 
ferric solutions containing complexes will cause 
changes directed towards formation of the more 
stable species. 

In the presence of the thiocyanate ion, oxidation 
of ferrous solutions was observed, without reduction 
of the ferric complex ; indeed, the ferric thiocyanate 
and ferrous dipyridyl complexes, which fade on 
standing under certain conditions, appear to be 
stabilized on irradiation. 
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The results obtained in simple mineral acid solu- 
tions also appear to depend on the nature and con- 
centration of the complexes present. Little is known 
of the simple association-complexes of ferrous ion, 
though the hydrolysis constant is certainly less than 
that for ferric ion, so that it is unlikely that at 
moderate acidity there will be an appreciable con- 
centration of FeOQH*. It is likely that the course of 
the reaction will be determined by the formation of 
a complex with the ferric ion and by the reactivity 
of the complex. In perchlorate solutions where the 
free perchloric acid was varied from 10-* N to 1 N, we 
have observed that the final equilibrium ratio 
[Fe**]/[Fe?*+] increases as [H*] increases, both on 
oxidation of ferrous solutions and on reduction of 
ferric solutions. Since, as [H~*] increases, the con- 
centration of FeOH?* decreases in accordance with 
the equilibrium 


Fe** + H,O = 
[FeOQH?*] = 


it appears reasonable to assume that FeOH?** is 
reduced by hydrogen atoms in these solutions, the 
extent of reduction of the ferric solution depending 
both on K and on the rate constant for the latter 
reaction. This complex has also been postulated’ 
as a photosensitizer of ethylenic polymerizations, the 
complex itself undergoing reduction to ferrous ion ; 
a similar dependence of reactivity on acidity is seen 
in this case also. It appears likely that the 100 per 
cent oxidation observed in strongly acid perchlorate 
solutions is due to the stability of the aquo-ferric 
ion towards reduction ; similarly, in 0-8 N sulphuric 
acid it may be due to a low concentration of FeOQH** 
and the stability of a sulphate association complex. 
Experiments on perchlorate solutions in 10° N 
perchloric acid containing N SO,~~ (as sodium sul- 
phate) indicate that the latter is not simply a sulphate 
complex, for example, FeSO,*-or Fe(SO,),-, while it 
is difficult to test the hypothesis of a bisulphate com- 
plex such as FeHSO,?*, as the addition of HSO, 
ions decreases the pH, and effects due to variation 
in [H*] might become apparent’. However, the 
increase in percentage oxidation of ferrous solutions, 
together with a corresponding decrease in percentage 
reduction of ferric solutions, is observed also in sulph- 
ate solutions as [H,SO,] is increased*. That this is 
not due solely to variation in [H*] is shown by the 
fact that in 10°-* N acid, where only partial oxidation 
of ferrous ion is observed, the addition of thiocyanate 
or fluoride ions, which form strong, stable ferric 
complexes without altering [H*] significantly, leads 
to complete oxidation. Experiments with ferrous 
chloride in hydrochloric acid solutions have yielded 
more complex results, and suggest that chloride ions 
compete with ferrous ions for hydroxyl radicals, 
possibly in a reaction of the type’? 


H* + Cl + OH — Cl 


FeOH?+ + H* 
K[Fe*+}/{H*), 


. H,O. 


This is supported by the fact that the addition of 
N hydrochloric acid to solutions of ferrous chloride 
in 10°? N hydrochloric acid does not increase the 
percentage oxidation as much as does the addition 
of N sodium chloride. 

It therefore seems that the simple reaction scheme 
must be modified to take account of the possibilities 
of complex formation, as the stability of such com- 
plexes towards electron-transfer reactions involving 
hydrogen atoms, hydroxyl and HO, radicals will vary 
with the nature of the complex. This work is being 
continued to obtain rate-data which we hope will 
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help to elucidate a detailed mechanism for these 
reactions. 
C. B. AMPHLETT 
Atomic Energy Research Establishment, 
Harwell, Berks. 


Jan. 23. 


' Fricke, H., Phys. Rev., 31, 1117 (1928). Fricke, H., and Morse, S., 
Phil. Mag., 7, 129 (1929). Miller, N., Nature, 162, 448 (1948). 
* Gray, L. H., and Weigert, F. (unpublished data). 
* Spicer, G. W., Trans. Farad. Soc., 31, 1706 (1935). 
* Weiss, J., Nature, 153, 748 (1944). 
* Dewhurst, H., Canadian J. Research (in course of publication). 
* Rabinowitch, E., and Stockmayer, W. H., J. Amer. Chem. Soc. 
64, 335 (1942). 
* Gaines, A., Hammett, L. P., 
Soc., 58, 1668 (1936). 
* Lee, T. 38., Kolthoff, I. M., and Leussing, D. L., J. Amer. Chem. 
Soe., 70, 2348 (1948). 
* Evans, M. G., and Uri, N., Nature, 164, 404 (1949). 
** Allen, A. O. (private communication). 


and Walden, G. H., J. Amer. Chem. 


Nerve Connexions of Taste-Buds 


THE very interesting nerve connexions of the 
taste-buds in the pig do not appear to have attracted 
attention. In this animal the taste-buds are almost 
entirely concentrated in the circumvallate papillz, 
of which there is but one on each side. This is quite 
a large structure, about 0-5 cm. across, and contains 
about five hundred buds. In its base is a large 
ganglion containing nerve cells of two different types 
and obviously connected with the buds and the nearby 
glands of von Ebner which irrigate the vallum of the 
papilla. The nerve from this ganglion contains about 
three hundred and fifty fibres and constitutes rather 
more than half the total number of fibres making 
up the glossopharyngeal as it crosses the hyoid. The 
degenerative changes resulting when the nerve is cut 
at this level show that the fibres are the axons of the 
ganglion cells. 

This finding—so interesting in the general morph- 
ology of the nerves of special sense—has caused us 
to re-examine the nerve supply of the circumvallate 
papille in other animals, and we find, particularly 
in the calf and dog, a similar but much more diffuse 
arrangement. It is hoped to publish details of our 
findings elsewhere. 

The work has been assisted by a grant from the 
Medical Research Council of Ireland. 

F. Kane 
M. E. Law 
Department of Physiology, 
University College, 
Cork. 
Feb. 3. 


A Peritrophic Membrane in Simulium 


Simulium damnosum Theobald is a common biting 
fly in many parts of Africa and an important vector 
of human onchocerciasis. After the female has 
bitten a man, the blood in the hinder part of the 
insect’s mid-intestine forms an approximately spher- 
ical mass, which, as Blacklock! observed, retains its 
form when removed from the gut. During recent 
dissections, it was noticed that the blood was com- 
pletely enclosed in a membrane which could not be 
detected in unfed flies. It was evidently produced 


by the wall of the mid-intestine during the blood- 
meal, and appeared to be a peritrophic membrane 
rather unlike those found in various other insects’. 
One of the membranes, removed from the insect, was 
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sent to Dr. V. B. Wigglesworth, who examined jt 
and found that it gave a positive chitosan tes! for 
chitin and confirmed that it was a peritrophic mem. 
brane. He also directed my attention to the presones 
of a peritrophic membrane in two other Nematocera, 
Anopheles maculipennis* and Phlebotomus papate sii‘, 
I have found one in Simulium griseicolle Becker. 

When S. damnosum is dissected after biting a man 
and taking up many microfilarie, most of the worms 
can usually be seen imprisoned by the peritrophic 
membrane in the mid-intestine and eventually die 
there. Comparatively few appear in the thoracic 
muscles of one of these flies and continue develop 
ment. Frequently, therefore, the membrane protocts 
the fly itself from heavy infection without preven: ing 
it from transmitting the parasite. 

Details of these observations will be published 
else where. 

D. J. Lewis 
Stack Medical Research Laboratories, 
Khartoum. 
Feb. 1. 


* Blacklock, D. B., Ann. Trop. Med. Parasit., 20, 1 (1926). 

* Wigglesworth, V. B., “The Principles of Insect Physiology” (London, 
939). 

* Yaguzhinskaya, L. V., Med. Parasitol., 9, 601 (1940). 

* Dolmatova, A. V., Med. Parasitol., 11, 52 (1942). 


Development of the Embryo Sac, Embryo 
and Endosperm in Helixanthera 
ligustrina (Wall.) Dans. 


MemsBers of the family Loranthacex are char- 
acterized by many abnormal features in the develop- 
ment and organisation of the embryo sac, endosperm 
and embryo'**. In June 1949, one of us (P. M.) 
collected some material of Helixanthera lingustrina 
from Katmandu, Nepal, during a visit to that place 
as a member of a scientific and cultural mission 
sponsored by the Government of India. 

Although further work is in progress and it is 
intended to obtain more material from Nepal during 
the present year, the results already obtained are 
sufficiently interesting to merit a brief report. A 
review of the existing literature on the embryology 
of this family and a discussion of the bearings of our 
observations on the inter-relationships of the Loran- 
thoidee and Viscoidee will be taken up at a later 
date. 

The rusty brown tetramerous (sometimes trimer- 
ous) flower buds are arranged in racemes, each 
flower being subtended by a small bract. The 
calyculus extends slightly above the ovary and is 
followed by four perianth lobes fused along their 
margins as the result of an interlocking of their 
epidermal cells. When the buds open, the upper 
halves of the perianth lobes separate from one an- 
other and become reflexed. Opposite to each lobe 
is a stamen with an adnate filament. The anther has 
only two pollen sacs, each divided into several com- 
partments by transverse septa. 

The ovary is globose and inferior, without any 
placenta or ovules in the usual sense. It has a thick 
wall enclosing a group of parenchymatous cells in 
the centre and a pad of collenchyma in the lower part 
(Fig. 1). The yellowish style, 4-6 mm. long, has 4 
bilobed stigma with a highly papillate and cuticular- 
ized epidermis. 

The archesporium differentiates from the paren- 
chymatous cells present in the central part of the 
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(1) L.S. flower bud at megaspore mother cell stage (br., bract ; 
cells; #, sporogenous tissue; pe, perianth ; sf, style) (x 6); 
(x 140); 


nuclei ( x 


ovary (Figs. 2 and 3). Five to seven or more of these 
cells undergo the meiotic divisions. It seems likely 
that tetrads of megaspores are formed as usual ; but 
the stages in their formation were not seen in our 
material, Since there is a massive sporogenous tissue, 
the number of megaspores formed is quite large. As 

any as half a dozen or moge begin to elongate and 
prepare for further development. 

The embryo sac shows a number of interesting 
features. As in a few other members of the family, 
it elongates both upward and downward. The 
upper end enters the style and continues to grow 
until it comes to lie in the stigma, sometimes just 
below the epidermal layer. Growth at the lower end 
s stopped by the collenchymatous pad at the base of 
the ovary. Since the fully developed embryo sacs are 
6-8 mm. long, it is difficult to trace any one of them 
from one end to the other. The upper end shows the 
usual four nuclei which become organised into the 
egg apparatus and the upper polar nucleus (Figs. 3-7). 
In the lower end is seen a single nucleus, presumably 
the lower polar. It is likely that the antipodals are 
ephemeral and escaped observation. 

The anthers dehisce while the flower buds are still 
closed. Since the pollen tubes have to travel only 
a short distance, fertilized embryo sacs and even 
embryos are found in some of t~ unopened flowers. 
During fertilization one or both of the synergids may 
he disorganised, depending on the mode of entry of 
the pollen tube. 

The oospore elongates and divides by a vertical 
wall, resulting in the formation of two juxtaposed 
cells which undergo a series of transverse divisions 


col., collenchyma pad ; p., parenchymatous 
(2) sporogenous tissue shown in (1) enlarged 
(3) L.S. stigma and upper part of style showing two embryo sacs, one with a biseriate pro- 
embryo and the other with four free nuclei (x 75); (4) upper part of embryo sac showing four free 
140); (5) L.S. stigma showing upper parts of three embryo sacs, one with two free nuclei 
and the second and third with egg apparatus and upper polar nucleus (x 75); (6) embryo sac with egg 
apparatus and upper polar nucleus (x 140); (7) T.S. stigma showing six embryo sacs around hollow in 
stylar canal (= 75); (8) L.S. stigma and upper part of style showing an embryo sac with a two-celled 
proembryo (= 75); (9) embryo sac with two-celled proembryo (p.t., pollen tube ; 
(x 140); (10) two adjacent embryo sacs in same stigma, one showing a two-celled 
the other the oospore and primary endosperm nucleus ( x 140); 
style showing embryo sac with proembryo ( x 75); (12) embryo sac of (11) enlarged (x 140) 


(11) L.S. stigma an 
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resulting in a long 
biseriate proembryo 
(Figs. 8-12). Several 
proembryos develop 
at the same time, 
one in each embryo 
sac, and continue 
their growth down- 
ward until they reach 
the ovary. Their 
peth lies through 
the original cavities 
of the embryo sacs 
and not through the 
stylar canal, which 
is extremely narrow 
and probably incap- 
able of accommo- 
dating the proem- 
bryos. 

Endosperm form- 
ation takes place in 
the lower parte of 
the embryo sacs. As 
growth continues, 
the individual endo- 
sperms of all the 
embryo sacs fuse to 
form @& composite 
mass lying just above 
the collenchymatous 
pad. Several pro- 
embryos are seen 
this composite 
mass, and they con- 
tinue to grow down- 
ward although fin- 
ally one of them 
surpasses the rest. On approaching the collenchym- 
atous pad the terminal cells of this proembryo 
divide rapidly and produce a small mass of cells. 
The endosperm cells extend between this and the 
collenchymatous pad. 

As downward extension of the endosperm is stopped 
by the collenchymatous pad, further growth takes 
place laterally. At maturity the endosperm looks like 
@ vase which is narrow and truncated at the base, 
four-sided in the middle and broadly four-lobed and 
hollow above. The embryo has a massive globular 
radicle protruding above the apical open end of the 
endosperm and the short cotyledons suspended in 
its lower portion. The cells of the endosperm and 
radicle are gorged with starch grains. 

The absence of any recognizable ovules or placenta, 
the entry of the embryo sac into the stigma, the 
longitudinal division of the fertilized egg, ard the 
fusion of the endosperms of different embryo sacs 
into one composite mass are features of great morpho- 
logical and embryological interest. Although not 
novel, they are a striking confirmation of the work 
of Schaeppi and Steindl*, and suggest the need of 
more exhaustive studies on the morphology and 
embryology of the Santalales. 
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P. MAHESHWARI 
B. M. Jour 
Botany Department, 
University of Delhi. 
Vierteljahrechr. Naturf. Ges., Zurich, 87, 269 (1942). 
Vierteljahrschr. Naturf. Ges., Zurich, 


* Ernst, A., 

* Schaeppi, H., and Steindl, F., 
87, 301 (1942). 

* Singh, B., Proc. 37th Indian Sci. Cong. Poona (1950). 
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Control of Turnip Flea Beetle by 
Benzene Hexachloride drilled 
with the Seed 


In 1942 we developed powders containing benzene 
hexachloride for the control of turnip flea beetle by 
dusting the seedlings. We have since carried out 
experiments to obtain control by treating the seed. 
With turnip, swede and kale seed, under moderate 
to heavy attack, which would have necessitated 
re-drilling, we have obtained economic control by 
combine-drilling about 1} Ib. of crude benzene hexa- 
chloride per acre in the form of 2 or 3} per cent 
powder. Under extremely heavy attack, a single 
subsequent surface dusting would still be necessary. 

We have also tried formulations, other than 
powders, suitable for farmers not in a position to 
use a protective dust with a combine-drill. Direct 
treatment of the seed with liquid dressings protected 
against attack before emergence of seedlings and 
against light to moderate attack after emergence, 
but sowing granular preparations with the seed 
was better. The granules, sometimes incorporating 
fertilizer, ranged in diameter from 1 mm. to 3 mm., 
contained 12} per cent crude benzene hexachloride 
and were drilled at 12} lb. per acre. The mixture 
of seed and granules was drilled with root drills of 
normal type. In about a hundred trials, over a 
period of five years, adequate stands of plants were 
obtained under moderate to heavy attack. 

We have concluded that (except when attack is 
extremely severe and sustained) the control of flea 
beetle by suitable formulations of benzene hexa- 
chloride put down adjacent to, on or with the seed, 
is practicable. 

H. R. JAMESON 


Imperial Chemical Industries, Ltd., 
Hawthorndale Laboratories, 
Jealott’s Hill Research Station, 
Bracknell, Berks. 

Feb. 8. 


Microbiological Factor in the Culbin Sands 
Afforestation Scheme 


THE object of this note is to stress the importance 
of the microbiological factor in the afforestation 
schemes carried out so successfully by the Forestry 
Commission in such areas as the Culbin Sands. 
Through the help of Dr. Ovington. who supplied us 
with suitable samples, we were able to investigate 
the bacterial and mycological status of his quadrats 
in this area. For comparison with the open sand 
before thatching, we investigated the quadrat in 
the twenty-year-old tree area. Tables 1 and 2 give 
the results obtained for samples taken from these 
quadrats. 

Comparison of Tables 1 and 2 shows the enormous 
increase in microbial numbers due to the planting 








Table 1. NUMBERS OF MICRO-ORGANISMS: OPEN SAND 
Loss on ignition | * Bacteria/gm. Fungi/gm. 
Sample (% oven-dried oven-dried | oven-dried 
material) material material 
4 in.— 2in. 0°255 62 
2 in.-12 in. 0-258 62 











* Includes Actinomycetes 
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Table 2. NUMBERS OF MICRO-ORGANISMS : 20-YEAR-OLD TREE S),y 
D 


i i 
| Loss on ignition | *Bacteria/gm. Fungi/gm 
Sample (% oven-dried | oven-dried oven-drice: 
material) material materia! 
| Oin— }in. 97°8 539,350 6,50 
+ in.— 1 in. 28°5 10,122,600 3,148,932 
lin.— 2 in. 0-92 1,376,300 29,03 
2 in.-12 in. 0-53 140,200 — 





* Includes Actinomycetes 


and growth of trees. Also it will be seen from Tab!e 2 
that the highest numbers of micro-organisms are 
found in the top few inches. Here, too, the formation 
of a thin zone of humification is evidence of intense 
microbial activity. In view of the importance of 
soil micro-organisms and their products in the 
building of stable soil aggregates, we feel that any 
study of the development of soil structure under tree 
growth in such areas as Culbin which ignores the 
microbiological factor must be incomplete. 


D. J. Eastwoop 
G. K. FRASER 
D. M. WEBLEY 


Macaulay Institute for Soil Research, 
Craigiebuckler, Aberdeen. 


Red Anomaly Dominant to Protanopia 


RED anomalous colour vision is the rarest type of 
sex-linked red-green colour vision defect'*, and I have 
found it only twelve times among 173 men and twice 
among 23 women who were red-green major de 
fectives. It takes two forms, one with, and the other 
without, the darkened red of the protanope. These 
are found in about equal proportions. 

In his modification of Waaler’s* two-locus theory 
of the inheritance of red-green blindness, Francesch- 
etti*-> has suggested that protanomaly (red anomaly), 
which is recessive to the normal condition, would be 
dominant to protanopia, with extreme protanomaly 
intermediate. Pedigrees showing that, in the paralle! 
series of alleles, green anomaly is recessive to the 
normal condition but dominant to deuteranopia have 
been recorded a number of times*:*.’ because the 
appropriate genes are more frequent than the red 
anomaly and protanope alleles. Pedigrees indicating 
the inheritance of red anomaly have seldom been 
recorded, though I published two recently’. 

It is worth reporting the following pedigree for 
red-anomaly which was discovered with the help of 
Miss M. C. Donaldson and Mr. C. L. Price. The 
anomaloscope? was used in testing these subjects. 
Pseudo-isochromatic tests are unable to distinguish 
red anomaly and protanopia‘. 

This pedigree shows that red anomaly with dark- 
ened red was inherited true to type, was almost 
recessive 'o the normal condition and was dominant 
to protanopia. The mother of the red anomalous gir! 
must have been a normal red anomalous heterozygote, 
because she herself was the daughter of a red anom- 
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alous man whose colour vision was precisely the same 
ax that of her daughter. She showed a marked red 
deviation, and also a marked darkening of the red 
end of the spectrum, thus supporting the claim that 
heterozygotes for major red-green defects tend to 
show those defects themselves but in minor forms®:!®.!'. 
The father of the red anomalous girl was an extreme 
pl itanope. 

Using the symbols previously suggested’, the red 
anomalous girl must have been the heterozygote 
pN'/r’N’, and red anomalous because 7’ was dom- 
inant to p. Her sister was less than three years of age 
and too young to test. Her brother was normal, 
NN’ ), and her mother must have been the 
heterozygote 7 N’/NN’. Her maternal grandfather’s 
brother, an aged cripple, nearly blind, also appeared 
to be red anomalous. 

R. W. Pickrorp 
Psychology Department, 
University, 
Glasgow, W.2. 
Feb. 15. 
kford, R. W., Nature, 160, 335 (1947) 
kford, R. W., J. Peychol., 27, 153 (1949) 
Vaaler, G. H. M., Z. fiir ind, Abs. und Ver., 45, 279 (1927) 
ranceschetti, A., Sweiz. med. Wachr., 68, 1273 (1928) 
ranceschetti, A., Bull. de l’ Acad, Suisse des Sci, Med., §, 227 (1949). 
kford, R. W., Nature, 162, 684 (1948). 
*ickford, R. W., Nature, 165, 82 (1950) 
ickford, R. W., Brit. J. Peychol., 40, 71 (1949) 
ckford, R. W., Nature, 153, 409 (1944). 
*ickford, R. W., Nature, 163, 804 (1948). 
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Robert Boyle’s Library 


My attention has been directed by Prof. J. F. 
Fulton to Dr. D. MeKie’s note on Boyie’s library'. 
Having been interested for some time in investigating 
various aspects of Boyle’s life, I am able to add a 
little to this account. 

With regard to the advertisement discovered by 
Mr. C. J. Hindle*, this appeared also in the London 
(Gazette, No. 2782, dated July 7-11, 1692. The follow- 
ing issue, No. 2783, dated July 11-14, 1692, con- 
tained a slightly modified version. Fulton’s state- 
ment*® requires correction in respect of these dates. 
In the light of subsequent events, it would seem that 
this sale of Boyle’s library was not a success. The 
books probably languished at Pall Mall until the dis- 
posal of Lady Ranelagh’s house had taken place. 
Robert Hooke was concerned in this matter, for in 
his diary under the date December 12, 1692, he 
notes in his usual brief manner: “with J War to 
Boyles house Pall Mall . Conditions of selling 
house for Martin.’’*: and under the date January 5, 
1693, he records: ‘‘Mr Boyles house lett’’’. ‘This 
“J War” is certainly John Warr, formerly a trusted 
servant of Robert Boyle and one of the executors of 
his will. The house was let to William Bridge(s), 
who seems to be unknown to history. Afterwards the 
contents of the house had to be removed. With 
regard to the books, Hooke has recorded their fate, 
some being sold on secondhand book-stalls in 
Moorfields, and others being sold by auction. An 
advertisement appeared in the London Gazette, No. 
2856, dared March 23-27, 1693, as follows : 

“Bibliotheca Morganiana, or a Catalogue of the 
Library of Mr. Silvanus Morgan, containing most of 
the English Histories, a good Collect. of Books of 
Heraldry, Genealogies, Numismat, Inscriptions, &c. 
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To which is added the Library of an Honourable 
Gentleman deceased, consisting of Divinity, History, 
&e. in Gr. Lat. and English, many of which are large 
Paper Gilt and Adorned: To be sold by Auction at 
Tom’s Coffee-house near Ludgate on Wednesday the 
5th of April next, at 3 Afternoon. Catalogues may 
be had tomorrow at Mr. Patridges at Charing-Cross, 
Mr. Hargraves in Holborn, and at the place of sale.”’ 

It was repeated with altered wording in the 
London Gazette, No. 2858, dated March 30—April 3, 
1693. This sale catalogue is extant, a copy being in 
the British Museum Library. Its title reads as 
follows : 

“Bibliotheca Morganiana :/or a/ CATALOGUE/ Of 
the Library of/ Mr. Silvanus Morgan./ Containing all 
the Valuable and Scarce English Historians,/ with 
a Curious Collection of Books of Heraldry, Ge-/nea- 
logies, Antiquities, Medals, Coins, Inscriptions &c. 
in/GREEK, LATIN and ENGLISH./ To which is 
added the Latin Part of the Library of an/Honorable 
Gentleman, lately deceased, consisting of /Divinity, 
History, Geography, &c./ The whole are generally 
gilt on the back many of them of/the Large Paper 
curiously adorned./ To be sold by Auction at Tom’s 
Coffee-house adjoyning/to Ludgate, on Wednesday 
the 5th. of April, 1693./ Rule/ Conditions of SALE./ 
1 The highest Bidder is the Buyer./ 2 The Books 
for ought we know are perfect, if any appear other- 
wise, the Buyer may take or leave them./ 3 That 
every Person be obliged to give in his Name and 
Place of Abode, paying also 5s. in the Pound for/ 
what he buys ; and be obliged to take his Books 
away within 3 days after the Sale is ended./ Cata- 
logues are distributed at Mr. Partridges at Charing-/ 
the Coffee-houses about the Inns of Court ; 
the Exchange, and 


Cross ; 
Bat-/sons Coffee-house against 
at the Place/ of Sale.” 

Hooke’s entry in his diary under the date March 28, 
1693, recording that he “‘Read a Catal. of Morgans 
and Boyles books at Toms.’ is valuable because it 
enables us to identify the ‘“‘Honorable Gentleman, 
lately deceased’’. In view of Hooke’s long association 
with Boyle, and the fact that he was concerned with 
the disposal of Lady Ranelagh’s house, there can be 
no doubt of the correctness of his statements. The 
residue of Boyle’s library was therefore sold with 
Morgan’s. 

On examining this auction-sale catalogue, it is dis- 
appointing to find that the two collections of books 
have not been listed separately, but have been 
gathered together under their different sizes and sub- 
jects. In spite of the totally different interests of 
Morgan and Boyle—the former was an arms painter 
and writer interested in heraldry and history—it is 
not possible to make any certain identification of 
original ownership of the books. Not only is there 
now no hope of recovering Boyle’s library intact, 
but also there is little prospect of learning its con- 
tents, for he is not known to have used a bookplate 
or to have indicated ownership of his books by 
inscribing them. 

R. E. W. Mappison 

2 Alderney Avenue, 

Heston, 

Middlesex. 

Feb. 4. 
' Nature, 163, 627 (1949). 
* Oxford Bibliogr. Soc. Proce. and Pp., 3, 340 (1933). 
* Oxford Bibliogr. Soc. Proc. and Pp., 3, 341 (1933). 
* Gunther, R. T., “Early Science in Oxford”, 10 .196 (1935). 
* idem., 10, 203 (1935). 
* idem., 10, 225 (1935). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 
Monday, June 19 


UNIVERSITY OF LONDON (in the Assembly Hall, Institute of Educa- 
tion, Malet Street, London, W.C.1), at 5.30 p.m.—Prof. Margaret H. 
Read: “Education and Cultural Tradition’’ (Inaugural Lecture).* 


Tuesday, June 20 
CHADWICK PUBLIC LECTURE ‘at the Royal Sanitary Institute, 90 
Buckingham Palace Road, London, 38.W.1), at 2.30 p.m.—Prof. 
Gordon M. Fair (Harvard): “The Engineer in Public Health’’.* 
ROYAL ANTHROPOLOGICAL INSTITUTE (at 21 Bedford Square, Lon- 
don, W.C.1), at 5 p.m.—Mrs. E. K. Miller: “The [Institution of 
Marriage among the Nayars of Malvbar”’ 


Wednesday, June 2! 
nes AL Society (at 49 Cromwell Road, London, 
5 p.m.—Mr. H. H. Lamb: “Types and Spells of Weather 
British Isles’ 


Friday, June 23 


INSTITUTE OF NAVIGATION (at the Royal Geographical] Society, 
Kensington Gore, London, 5.W.7), at 5 p.m.—Mr. T. St. Barbe 
Freer: “Air Navigation Charts—the Requirements for a New Style”. 


ROYAL 
S.W.7), at & 
around the Year in the 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

DEMONSTRATOR IN CHEMICAL 
University, Leeds 2 (June 24) 

LECTURER IN GENERAL BACTERIOLOGY 
College, Cathays Park, Cardiff (June 24) 

LECTURER IN Puysics at the Leeds College of Technol 
Chief Education Officer, Education Office, Leeds 1 (June 24 

SENIOR ASSISTANT with special reference to either Pharmaceutics 
or Pharmacology, at the Plymouth and Devonport Technica] College 

‘The Director cf Education, Cobourg Street, Plymouth (June 24). 

LECTURER IN BlocHEMISTRY—The Registrar, King’s College, 
Newcastle-upon-Tyne (June 26). 

LECTURER IN DAIRY BACTERIOLOGY—The 
College of Wales, Aberystwyth (June 28). 

ASSISTANT INSPECTORS (General duties) (with a University degree 
in agriculture and practical experience in agriculture, preferably in 
Scotland) IN THE DEPARTMEN1 OF AGRICULTURE FOR SCOTLAND, at 
Edinburgh and Glasgow—The Ministry of Labour and National 
Service, Technical and Scientific Register (K), York House, Kingsway, 
London, W.C.2, quoting G.168/50A (June 30). 

BIOCHEMIST (with a good first degree in chemistry and a Ph.D. in 
biochemistry, and two or three years’ post-Ph.D. experience in bio- 
hemistry) to the Institute’s laboratories at Elstre>—The Director, 
Lister Institute, Chelsea Bridge Road, London, 8.W.1 (June 30) 

EDWIN CHADWICK SCHOLARSHIP IN PUBLIC HEALTH ENGINEERING 
in the Department of Civil and Municipal Engineering—The Secre- 
tary, University College. Gower Street, London, W.C.1 (June 30). 

EXPERIMENTAL OFFICERS (2, unestablished) at a Ministry of Supply 
yutstation in Suffolk, for duties including practical work on instru- 
mentation and the conduct of armament trials—The Ministry of 
Labour and National Service, Technical and Scientific Register (K), 
York House, Kingsway, London, W.C.2, quoting A.148/50 (June 30). 

LECTURER IN AGRICULTURAL BoTany—-The Registrar, King’s 
College, Newcastle-upon-Tyne, (June 30). 

LECTURER (male) IN AGRICULTURE, specializing in Dairy Hus- 
bandry, at the Imperial College of Tropical Agriculture, Trinidad 
The Secretary, Imperial College of Tropical Agriculture, 40 Norfolk 
Street. London, W.C.: 


PATHOLOGY—The Registrar, The 


The Registrar, University 


— The 


Registrar, University 


2 (June 30). 

LECTURER IN CIVIL ENGINEERING at the University of Hong Kong 

The Secretary, Association of Universities of the British Common- 
wealth, 5 Gordon Square, London, W.C.1 (June 30). 

LECTURER IN PUBLIC HEALTH—The Secretary, The University, 
Aberdeen (June 30) 

LECTURER IN SOIL The 
Aberdeen (June 30). 

PROFESSOR OF CIVIL ENGINEERING at the University of Hong 
Kong—The Secretary, Association of Universities of the British 
Commonwealth, 5 Gordon Square, London, W.C.1 (June 30). 

RESEARCH FELLOW to take charge of a team carrying out research 
on the chemical constitution of coal—The Secretary, The University, 
Birmingham 3 (June 30) 

SENIOR ASSISTANT IN THE DEPARTMENT OF OPHTHALMIC OPTICS— 
The Secretary, Northampton Polytechnic, St. John Street, London, 
E.C.1 (June 30). 

ASSISTANT LECTURER IN MECHANICAL ENGINEERING—The Registrar, 
Queen Mary College, Mile End Road, London, E.1 (July 1). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF GEOLOGY 

The Registrar. The University, Liverpool (July 1). 

DIRECTOR OF FISHERIES in the Department of Fisheries, Ceylon— 
The High Commissioner for Ceylon in London, 25 Grosvenor Square, 
London, W.1 (July 3). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF 
MATHEMATICS, with qualifications in Applied Mathematics—The 
Registrar, The University, Manchester 13 (July 3). 

ScrentisT, Grade I (with a good University honours degree or 
equivalent in chemistry or physics, chemical engineering or fuel 
technology) on the staff of the Directer of Scientific Control at the 
Board’s London headquarters—The National Coal Board, Establish- 
ments Branch (Personnel). Hobart House, Grosvenor Place, London, 
8.W.1, endorsed TT/223 (July 4). 


ScrencE—The Secretary, University, 
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SCIENTISTS, Grade ILI (with a good honours degree in ch« istry) 
in the Board’s Coal Survey Laboratories at G wand Cardigfg— 
The National Coal Board, Establishments Branch (Personnel), | obagt 
House, Grosvenor Place, London, 8.W.1, endorsed TT/220 (July 7), 

TUTORIAL STUDENTSHIPS IN CHEMICAL ENGINEBRING, Cryy 
ENGINEERING, ORGANIC CHEMISTRY, PHYSICAL CHEMISTRY, GEO .o@y 
Puysics, and PHYsIOLOGy—The Registrar, King’s College, & rand, 
London, W.C.2 (July 8). 

LECTURER IN PHARMACOLOGY at University College, {badap. 
Nigeria—The Secretary, Inter-University Council for Higher | luca. 
tion in the Colonies, | Gordon Square, London, W.C.1 (July 15), 

LECTURER IN THE DBPARTMENT OF ZOOLOGY, U niversity of Natal 
(Pietermaritzburg and Durban)—The Secretary, Association of 
Universities of the British Commonwealth, 5 Gordon Square, Londog 
W.C.1 (July 15). : 

SENIOR LECTURER IN BIOCHEMISTRY at the University of Me, 
bourne—The Secretary, Association of Universitics of the [british 
Commonwealth, 5 Gordon Square, London, W.C.1 (July 15) 

SENIOR SCIENTIFIO OFFICER (Ref. G.146/50) for the collection and 
study of information concerning the properties, occurrence, win 
treatment, uses and economics of minerals and mineral products. 
with special reference to development of deposits, etc., Scrmxtae 
OFFICERS (Ref. G.147/50) to assist in the duties under Ref. G 16/50, 
& SCIENTIFIC OFFICER (Ref. F.330/50) to assist in the analysis of r vel! 
minerals, soils, water, fuels, fertilizers, clays, with a view of asse 
their economic use, etc., an ASSISTANT EXPERIMENTAL a ager “ted 
F.331/50) to assist in the analysis of rocks and minerals, 
ASSISTANT EXPERIMENTAL OFFICER (Ref. G. 148/50) to assist n he 
collection and dissemination of information on Colonial geo} 
minerals and mineral products, etc., in the Mineral Resources Divi 
of the Colonial Geological Surveys, Imperial Institute Building, South 
Kensington, London, 5.W.7—The Ministry of Labour and Nationaj 
Service » Technical and Scientific Register (kK), York House, Kingsway, 
London, W.c. ge — A the a Ref. No. (July 15). 

LECTURERS “2 IN THE DEPARTMENT OF CHEMICAL 
ENGINEERING—The et. The Univecsity, Birmingham 3 (July 3), 

PROFESSOR OF PHYSICS at Rhodes University College, Grahamstowa, 
South Africa—The Secretary, Association of Universities of the British 
Commonwealth, 5 Gordon Square, London, W.C.1 (August 31) 

BACTERIOLOGIST—The Director of Studies, University of Glasgow 
Veterinary School, 83 Buccleuch Street, Glasgow, C3 

GRADUATE IN BIOLOGY at the Chester Beatt mavens Institute, 
to assist in the application and development of ze-drying methods 
in cytology and histology—-The House Governor, Royal Cancer 
Hospital, Fulham Road, London, 8.W.3. 

INSTRUMENT MANAGER to be responsible to the Works Engineer 
for the operation and maintenance of all electronic and industria] 
instruments in the Works, and an INSTRUMENT ENGINEER to be 
responsible to the Assistant Instrument Manager for the construction 
and maintenance of physical and electronic instruments including 
those used in chemical process control, at the Ministry of Su 
Division of Atomic Energy (Production), Windscale Works, Sells 
Cumberland—The Ministry of Supply, Division of Atomic Energy 
(Production), Risley, Warrington, Lancs. 

LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATIC8— 
The Registrar, University College, Exeter. 

MUSEUM TECHNICAL INSTRUCTOR by the Government of Nigeria— 
pg n pasate for the Colonies, 4 Millbank, London, 8.W.1, quoting 

N 2235 2): 

PROFESSOR oF FIELD HUSBANDRY, and a PROFESSOR OF SHEEP 
HUSBANDRY, at Massey Agricultural college, Palmerston North, New 
Zealand—The Secretary, Association of Universities of the British 
Commonwealth, 5 Gordon Square, London, W.C.1. 

RESEARCH ASSISTANT ( uate in physiology or zoology) to join 
group investigating biological effects of radioactive 
Dr. Janet Vaughan, Department of ae. 

RESEARCH CHEMIST and BIOCHEMIST (with 
honours degree and, preferably, some research ex 
Director, Research Association of British Flour illers, 
Research Station, Old London Road, St. Albans, He 3 


REPORTS and other PUBLICATIONS 





(not included in the thi; 


Great Britain and Ireland 


Journal of Experimental Botany. An Official ome of the Society 

~ wo — Biology. (Four-monthly.) Vol. No. arch. 

13 (Oxford: Clarendon Press; London: Oxford Use 
a 1950.) l4e. net; subscription, 358. per Vol. {ll 

British Standard 1636, Part 1 : 1950, Terms used in a 
Analysis, Part 1, Emission Spectrography. Pp. 12. (London: British 
Standards Institution, 1950.) 2s. net. (124 

Photography in Science, Art and Industry. (Special April issue 
of the Photographic Journal.) Pp. 109-144+xx. (London: noe 
Photographic Society, 1950.) 442. 

Imperial Forestry Institute: University of Oxford. Twenty- i 
Annual Report, 1948-1949. Pp. 28. (Oxford: Imperial Fore <a 
Institute, 1950.) 

Ministry of Fuel and Power. —y >>> of H.M. Inspectors of dine 
for rn Year 1948. North Eastern Division. Report by C. W. Scott. 
Pp. 52. (London: H.M. Stationery Office, 1950.) 1s. 3d. net. [124 

Philoesphical Transactions « the Royal Society of London, Series 
B: Biological Sciences. No. 612, Vol. 234: ene in he 
Basking Shark, Cetorhinus at 9 (Gunner). By Dr. L. Mat- 
thews. Pp. 247-316+plates 10-20. (London: Cambridge Univers ity 


Press, 1950.) 30s. 
Report for 1949. Pp. 40. (Ten! 
sd. - 


Books Supp t) 


Skokholm Bird Observatory. 
West Wales Field Society, 1950.) 2s. 6 12 
Excerpts from Outline of a Cellular Atom. By William Norland. 
Pp. 32. (St. Helens: The Author, Heathway, Crossley Reed, 
1950.) 12 








